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"amtek CorpotQrion has prepared this manual for use by 
Ramtek personnel, licensees and customers. The Infor- 
mation contained herein is the property of Ramtek and 
shall neither be reproduced in whole or in part without 
Ramtek prior written approval . 
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shall not be responsible for any damages (including con- 
sequential) caused by reliance on the materials presented, 
including but not limited to typographical, arithmetic, 
or I isting errors. 
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INTRODUCTION 




1-0 INTROPUaiON TO DISPLAY CONCEPTS 

Some rudimentry knowledge of basic display principals is essential to understanding 
the RM-9000 display system. It must be understood that the image viewed upon a 
cathode ray tube is produced by a maneuverable, self-contained electron gun (or 
guns) which emits a beam of specified intensity in order to excite phosphors painted 
upon the inner face of the tube. Due to the short persistence of the phosphors, the 
image must be continually repeated (refreshed) in order to minimize phosphor decay 
therefore visible flicker. The electron beam either directly traces the image being 
produced or indirectly scans the entire screen while being turned ON and OFF at 
predetermined times. This second technique is known as raster scan and is employed 
by the RM-9000 as well as the broadcast television industry. Although somewhat 
limifing the resolution of the image, the raster scan technique does not constrain 
the image to a determined number of vectors o« does the beam steering technique, 
nor does it preclude the implementation of the full color spectrum. Since the 
screen is reduced to a finite matrix of dots, phosphors representing the three pri- 
mary colors (red, green and blue) can be painting into each dot area (triad) and 
separate electron guns can be energized to excite each of the phosphors. The 
relative excitation of the phosphors determines the emitted color. 

Because the CRT cannot remember its image, the RM-9000 stores this information 
within its self-contained, solid-state refresh memory system. The image is stored 
in binary and is accessed by the video generator at the television raster rate. One 
or more bits of information describe each picture element (dot), i.e., three bits 
might be used to describe the discrete excitation of each of the primary phosphors, 
thus giving seven colors plus black. Additional colors (or grey-scale) are achieved 
byway of additional memory and digital-to-analog conversion of a prescribed 
number of bits per picture element, i.e., two bits provides for three intensity 
levels plus biack. Pseudo color is achieved by way of a random access table 
which is indexed by the binary weighted value of each element as described with- 
in the refresh memory. This feature provides for the arbitrary equation of desired 
color (or grey scale level) and any particular refresh memory bit pattern. 

it. is the function of the RM-9000 display system to interpret data from the host 
computer in a specified binary format and compose an image in refresh memory. 

The internal structure of the RM-9000 allows the refresh memory to be loaded by 
the infernal processor at the same time that it is being accessed by the video gen- 
erator hardware. Since the refresh memory is truly random-access in nature, there 
is no internal delay caused by the image storage mechanism, as in previous tech- 
nologies such as disk-based refresh memory storage. 
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1-1 SYSTEM OVERVIEW 



The overall display system in the normal implementation consists of four major 

components: the host processor (computer), the computer interface,, the RM-9000 p .J 

display processor and refresh memory, and the display monitor or CRT, The inter- {_, If 

action of these four system components produces the final image which can then 

be interpreted and analyzed by the human observer. 



The responsibility of the host processor is to construct the RM-9000 format binary 
display instructions. The construction of a particular set of display instructions 
is usually initiated and defined by interaction with some external stimulus, per- 
haps a human being or another computer system. 



The responsibility of the display monitor is to accept analog information from the 
video generator and excite the phosphor on the screen face, thereby producing an 
image which visually presents information to an observer. Standard raster scan 
refresh techniques are used, resulting in a refresh rate of 60 or 30 Hz dependent 
on system line resolution. 
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The responsibility of the computer interface is to accept RM-9000 format binary !_ 
instructions and transfer this information to the RM-9000 display processor hard- 
ware. This transfer is done on a 16-bit word-per-transfer basis. When an in- ! 
struction passed to the RM-9000 dictates a change in direction of data transfer L 
(i.e., from the RM-9000 display system to the host processor), the host processor 
can condition the computer interface to perform this function. In general, the (~ 
computer interface actually consists of two interfaces: the interface within the L. 
computer mainframe which has access to memory within the host processor, and 
the RAMTEK-supplied module which is resident in the RM-9000 chassis, which p 
converts the data transfer handshaking signals into their equivalent in the specific *-- 

host-processor interface. 

p 

The responsibility of the RM-9000 display processor is to interpret the binary in- ^~ 

formation transferred from the host processor, through the computer interface, and 

perform the display setup or generation of actual display data to refresh memory. 

The actual storage of information into refresh memory can either be performed 

directly by the display processor (as in the case of graphic or text data), or the 

display processor can setup and initiate a high-speed DMA transfer directly from 

the computer interface to the refresh memory. An integral part of the display 

processor is the video generator module. The video generator accesses refresh 

memory directly and, dependent on the type of video generator, converts the 

binary data stored there for each pixel to a color or grey scale and sends this 

information to the monitor. 
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SCREEN COORDINATE SYSTEM 



The RM-9000 refresh memory is organized as a three-dimensional coordinate sys- 
tem wifh ifs origin at fhe upper- left corner of the display screen. If one thinks 
in ferms of fhe classical X-Y-Z coordinate system, the X dimension represents 
the element coordinate value, the Y dimension represents the line coordinate 
value, and Z dimension represents the binary value which is stored for each pixel 
(or picture element), i.e., which is stored for each unique X-Y coordinate pair 
(See Figure 1-1), 
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Figure 1-1 Classical X-Y-Z Coordinate System 
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Addressing in the Y-dimension is modulo 256 10 or 512 1Q depending on system line 
resolution. Therefore, in the Y dimension, all coordinates wrap directly from the 
bottom of the screen back to the top of the screen. 

Addressing in the X-dimension is modulo 320io or 640i depending upon system 
element resolution. Since the possible element resolution values (320io and 
640 10 .) are not powers of 2, if an element address is specified by the user in a 
display instruction is outside of the existing element address space, that element 
coordinate will be translated into pixels 318io or 319io dependent on the low- 
order bit of the non-existent address in a low-resolution element system, or into 
pixels 636 10 , 637 10 , 638io , or 639 1Q , dependent on the low-order 2 bits of 
the non-existent address jn a high-resolution element system. 
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1-3 DISPLAY DATATYPES 

Data which is transferred from the host processor to the RM-9000 display system 
can be classified according to the following functional types: 

1) Image Data 

2) Text Data 

3) Raster Data 

4) Graphics Data 

These four (4) data types categorize all data which is transferred to the RM-9000 
via a normal-format instruction and which either directly or indirectly is trans- 
ferred into display refresh memory, image data is transferred directly into re- 
fresh memory; text, raster and graphics data are transferred indirectly in the sense 
that the data is interpreted by the RM-9000 microprocessor firmwate and data is 
generated to refresh memory as a result of this interpretation. 
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1-4 Image Data 

Image data is loaded directly into refresh memory using the WRITE IMAGE normal- 
format instructions (See Section 3-36). The low-order 12 bits of each 16 bit image 
data word are loaded into the refresh memory associated with successive picture 
elements (or pixels) in the RM-9000 system, i.e., one image data word is written 
to one display pixel, image data is always written into a rectangular region with- 
in display refresh memory. This region or "window" is defined by a parameter 
operand called WINDOW (See Section 3-20) which may be set in any normal- 
format instruction (See Section 3-4). The pixel-to-pixel'updating direction for 
successive words of image data is defined by the parameter operand SCAN; (See 
Section 3-21). This parameter operand also defines the action to be performed at 
the window boundaries. 
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Image data in standard configurations defines the displayed image in one of two 
ways. In a Type I video standard configuration, (See Section 2-6) the Image 
data is partitioned into three (3) 4-bit sections and used to drive three (3) 4-bit 
D/A converters directly to the color CRT monitor. Additionally, each subchannel 
(i.e., bit) of refresh memory can be displayed separately to a black and white 
CRT monitor. In a Type II video standard configuration (See Section 2-6); the 
low-order ten (IG) subchannels are used as on address into a video look-up table 
.(VLT) which' contains the color definition information. Thus, any pixel which 
has the same data value in the low-order ten (10) subchannels will be represented 
by the color or greyscale value which is stored in the VLT at the address defined 
by the pixel value. 



1-5 Text Data 



Text data is transferred to the RM-9000 display system on a 2-bytes per word basis, 
using the WRITE TEXT normal-format instruction (See Section 3-38). Each byte 
of data is interpreted as an eight (8) bit ASCI 1 code and the character font 
associated with the transmitted ASCI! code is written info refresh memory. In a 
standard system (i.e., in a system without the RM-FNT option), the character 
font data is obtained infernally from a standard PROM. The character font format 
is defined as a 5 pixel wide by 7 pixel high character within a 7 pixel by 9 pixel 
rectangle. The valid codes for a standard configuration are 20 j$ through 5Fm, . 

Font definitions from the internal PROM are in the form of a 'ones/zeros' dot 
matrix. Two (2) RM-9000 internal hardware registers are used to define the color 
or greyscale intensify to be written into refresh memory for ones or zeros data. 
These are the foreground and the background registers. These values can be user- 
specified using the FOREGROUND and BACKGROUND parameter operands (See 
Sections 3-5 and 3-16). It is possible to reverse the interpretation of ones and 
zeros font data using the reverse-background flag in a normal-format instruction 
(See Section 3-9). Also, the additive write flag allows the user to specify that 
only ones data wiil be written to refresh memory (See Section 3^10)'; 

Text data is written into refresh memory on a 'windowed' basis, i.e., characters 
will only be written into the rectangular region defined by the WINDOW para- 
meter operand (See Section 3-20). The characfer-to-character update direction 
and the window margin update direction is defined by the parameter operand 
SCAN (See Section 3-21). 



1-6 Raster Data 



Raster data is transferred to the RM-9000 display system via the WRITE RASTER 
normal-format instruction which is part of the RM-GRA option package (See 

1-5 




Section 3-50). Raster data is interpreted as 'ones/zeros' data in the same manner 
as character font data is interpreted by the interna! microprocessor. Color or grey- 
scale information for ones or zeros data is also defined by the foreground and back- 
ground basis. Eight (8) pixels are written into by each byte of raster data, on a 
one (I) bit per pixel basis. 

Raster data is written into refresh memory on a 'windowed' basis. The definition 
.of this rectangular region is through the user-defined WINDOW parameter oper- 
and. Within this region, the SCAN parameter operand defines the pixel-to-pixel 
and the window margin update directions (See Section 3-21). 



1 -7 Graphics Data i 

Graphics data is transferred to the RM-9000 display system via the WRITE VECTOR 
. or VYRITE PLOT normal-format instructions which are part of the RM-GRA option ["' 

firmware (See Sections 3-48 and 3-49). For both vector and plot generation, the I ■. 

graphic data specifies an endpoint coordinate which defines the vector or plot 
entity to be generated. For vectors, the endpoint of the previous vector is used \ 

with the current endpoint data to define the vector; for plots, the rectangular v_ 

bar plot entity is defined by the previous plot entity coordinate and the current 

endpoint data. Windowing is not effective in graphics data mods. C 

i 

1-8 DISPLAY INTERACTION r 

The RM-9000 display system can be configured such that interaction with the host 
processor through several devices is possible. Up to eight (8) keyboards or up to \ 

four (4). joysticks or trackballs are possible in a system. '-■- 

1-9 Cursors /Jo yst icks/Trackba lis ^- 

t - • 

A joystick or trackball is a device which when connected to the RM-SLC serial i 

link card can automatically change the position of a visible cursor on the display ^- 

CRT monitor. This updating based on user interaction with the device is strictly 

a hardware function. It is possible to use the joystick or trackball to interrupt j 

the host processor through depression of a momentary-action switch (labelled *-- 

ENTER) on the device, or whenever the position of the display cursor is changed. 

This interrupt can be used by the host processor to signal some action to be taken j 

perhaps based on the position of the cursor. This interpretation is completely ^-' 

flexible based on the needs of the host processor. Appendix 'C defines the 

operational use of the joystick and trackball interactive devices. 
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1-10 Keyboards 



1 



The keyboard is used to transmit eight (8) bit ASCIf codes from the RM-9000 dis- 
play system to the host processor. The keyboards are attached to the RM-SLC 
serial link card and are handled by the RM-PER interactive peripheral option 
firmware. Each keyboard is buffered on input up to sixteen (16) characters. The 
entry of a character via the keyboard will generate an interrupt to the host proces- 
sor if the interrupt has been enabled at the interface by the host processor. The 
keyboard allows user interaction via text input. 
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2-0 RM-9000 FUNCTIONAL DESCRIPTION 

Figure 2-1 illustrates the major functional modules of the Mode! RM-9100, 9200 
and 9300 display systems. The following is a brief description of each system • 
component (for a detailed description of all hardware components consult the 
RM-9000 Theory of Operation - Volume I): 
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Figure 2-1 RM-9100, 9200 & 9300 Functional Block Diagram 
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2-1 COMPUTER INTERFACE 

The RAMTEK computer interface is specific to the model of host processor used. 
It connects the host processor with the RM-9000 display system internal processor 
with the RM-9000 display system internal processor bus. A high-speed bidirec- 
tional, sixteen (16) bit parallel-bus communication path between host processor 
and the RM-9000 is provided. Four (4) external interrupt lines (illegal instruc- 
tion, receiver, transmitter and cursor) can be generated by the RM-9000 display 
generator through the computer interface to the host processor. All interrupts 
have an enable/disable flag which is under host processor control. 

Four (4) types of data transfers through the computer interface are possible; 

T) Interface command word output to the RAMTEK interface 

2) Interface status word input from the RM-9U00 interface to - 

the host processor 

3) RM-9000 instruction/data output from the host processor to 

the RM-9000 

4) RM-9000 data input from the RM-9000 to the host processor. 

The interface command word allows the host processor to initiate such interface 
functions as enabling or disabling of interrupts and/or hard system resetting. 
This command word is strictly an interface interaction and has no RM-9000 inter- 
action (except for hard system reset which causes an immediate reset sequence tc 
be initiated). The interface status word defines to the host processor the status 
of the four (4) possible interrupts and their enable/disable functions as well as 
the I/O data transfer status. The instruction/data output mode is used to transfer 
instructions and data through the computer interface to the RM-9000 display 
system microprocessor. These instructions and data are in the binary formats 
described in Section 3 and perform the actual display generation functions. The 
RM-9000 data input mode is used to transfer data from the RM-9000 to the host 
processor after receiving one (1) of the readback initiating instructions from the 
host processor (Rl, READ, RCS, RKB, RCM and RCMRP). This readback is always 
initiated by the host processor. See the Addenda to this manual for the descrip- 
tion of computer procedures for each specific host processor interface. 

2-2 CONTROL BOARD 

The RM-9000 control board is the component in every RM-9000 display system 
which contains the 8080 microprocessor and data bus, the standard RM-9000 
operating firmware, as well as the display generator hardware. The internal 
data exchange (IDE) bus connects the control board (and thus the 8080 micro- 
processor data bus) with the computer Interface. 
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8080 Microprocessor 



The 8080 microprocessor contained on the control board is the principal device 
used to control the generation of display data to the refresh memory. The 2048 
bytes of PROM resident on the control board contain 8080 microprocessor instruc- 
tions used to interact with the computer interface and refresh memory using the 
display registers in the display generator hardware. The 8080 microprocessor 
8-bit data bus is interfaced to the 16-bit RM-9000 internal processor bus through 
logic on the control board, it is this internal processor bus which connects all 
components within the RM-9000 system to the computer interface IDE bus. 



2-4 Display Generator 

The display generator is that portion of logic contained on the control board 
which provides the mechanisms for the optimized transfer of image, graphic, 
raster and text data to refresh memory and for the retrieval of refresh memory 
data in image mode on a pixel basis. 

The display generator contains registers accessible to the 8080 microprocessor 
(in the address range 8000 16 through 80FFi6 ). The display generator allows 
8080 firmware to perform such internal functions as refresh memory plane selec- 
tion, raster/text data pattern definition, refresh memory addressing, initiation 
of such DMA operations as image input/output, video lookup table input/output, 
and interna! generation of text data, and interrupt generation to the computer 
interface. 
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2-5 REFRESH MEMORY 

The display refresh memory contains storage for 1 to 12 bits of data per picture 
element in the display system. These memories may be loaded or read directly 
from or to the host processor (in imaging mode via DMA across the computer 
interface), or they may be loaded on a pixel-by-pixel basis via the display gen- 
erator in graphics, text or cartesian mode. Access time to these memories is 
] .5 /^/pixel. The element/line resolution combinations for these memories is as 
follows: 

« RM-9100 - 320 elements X 256 lines 
« RM-9200 - 640 elements X 256 lines 
• RM-9300 - 640 elements X 512 lines 
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It is these memories which supply color or intensity information for each pixel to 
the various video generator modules. The pixel information is constantly re- 
freshed to the video generators) either at 60 Hz for the RM-9100and RM-9200 
Systems or 30 Hz for the RM-9300. This refresh process is totally under hardware 
control and no display processor intervention is necessary or possible. 



2-6 VIDEO GENERATOR 

The video generator combines information from the refresh memory and cursor 
generators arid produces standard RS-170 compatible composite video signals to 
the television monitor(s). Each video generator combines and mixes this infor- 
mation according to different functional algorithms (in some cases, under host 
processor or dispicy processor control). The following is a description of the two 
basic video boards: 

(a) RM-V1 - Figure 2-2 functionally illustrates the RM-V1 video board 
which provides for twelve (12) 8/W channels, four (4) 7 color (RGB) 
channels, three (3) 16 level grey scale channels, one (1 ) 256 ,- level 
grey scale channel or one (1)4096 j-color (RGB) channel. It includes 
twelve (12) direct outputs plus three (3) 4-bit DAC's (or one (1) 8-bit 
and one (1) 4-bit DAC), four (4) cursor channels and two (2) overlay 
channels. 

(b) RM-V2 - Figure 2-3 functionally illustrates the RM-V2 video board 
which provides for host programmable pseudo color or grey scale trans- 
lation to any 4096 lo colors or 256 10 grey scale levels.' It includes one 
(1) 1024 10 word X 12-bit programmable function memory plus three (3) 
4-bit DAC's, one (1) 8-bit DAC (Assignable before or after the func- 
tion memory), two (2) cursor channels and two (2) overlay channels. 



2-7 MEMORY EXPANSION BOARD (RM-MOC) 

The RM-MOC memory expansion board is an optional system component which 
allows the installation of the RAMTEK firmware options packages, it provides 
addressing for 14336 io bytes of PROM (addresses 0800 i6 through 3FFFi6)and 
_ 81 92 io bytes of RAM (addresses 4000i6 through 5FFF 16 ). Hardware logic is 

] provided supporting DMA input and output between memory expansion RAM and 

interface, refresh memory, or video look-up table RAM. 
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2-8 SERIAL LINK BOARD (RM-SLC) 

The RM-SLC serial link board provides system communication with external inter- 
active devices such as keyboards and joysticks or trackballs over serial communi- 
cation ports. Each serial link card also can generate up to two video cursors. 
This cursor is mixed into the video generator card output for display. Each serial 
link card can accommodate either four (4) keyboard/transmitters or two (2) key- 
board/transmitters and two (2) cursors. A maximum of 2 RM-SLC serial peri- 
pherals firmware packages provides the firmware mechanism for host processor 
communication with these interactive peripheral devices. 
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RM-9000 INSTRUCTIONS 
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INTRODUCTION 
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The RM-9000 series is a microprocessor-controlled graphic display system. The 
standard firmware instruction set provides a high-level mechanism for fhe storage 
and retrieval of image data and associated image-generation information at high- 
data rates, as well as the generation of alphanumeric text information. This 
instruction frees the user from the complex tasks of common: cation directly with 
the hardware display registers. The standard firmware package provided by 
RAMTEK reduces significantly the amount of software display processing in the 
host computer. 
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INSTRUCTIONS 



The RM-9000 provides a set of standard instructions and a variety of optional 
instructions. This manual will coverall currently defined instructions. Since 
the RM-9000 is a very flexible system, the set of optional instructions will 
probably continue to increase. Addenda to this manual will be provided for 
additional instruction sets. 
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The RM-9000 instruction consists of two basic types of instructions, normal format 
and special format instructions. Normal format instructions constitute a set of 
high-level imaging, text and graphics functions, in a flexible, yet uniformly- 
defined format. The normai format instruction set reduces the user's programming 
effort with an attempt to optimize high-speed image and text generation. The 
special format instructions are used to perform functions v/hich do not affect the 
display directly (i.e., do not write into or read from refresh memory). The for- 
mat of the special instructions is different for each instruction. 

The RM-9000 will generate an illegal instruction interrupt request whenever an 
optional instruction is referenced when the associated firmware option is not in- 
stalled. The same interrupt request will also be generated when a truly undefined 
op code is referenced. 

Currently defined optional Instructions may be added at a later date. The stan- 
dard software will sense the presence of the option PROM and reference it when 
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Figure 3-1 Normal-Format Instruction Layout 
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It is installed. The installation of currently undefined option software will also 
require replacement of the standard option PROM's to enable the addition of the 
new op codes. 

The instruction repertoire for the RM-9000 is listed in Table 3-1. 



3-2 .INSTRUCTION FORMAT 

All instructions are 16-bit parallel and consist of one (1) or more 16-bit words. 
The initial 8-bits (most significant) of the initial word always describe the oper- 
ation to be performed by the instruction. The remaining bits (and words) may be 
interpreted differently for each instruction. 

The RM-9000 has a "normal" instruction format and a "special" instruction format. 
The normal format is specifically designed for the general requirements of imaging 
and graphics. The special format instructions are oriented to the individual special 
requirements of each instruction. 

The special format may be used to reduce data flow across the interface or to 
handle unique data requirements. Each special format will be described with the 
instruction itself. 



3_3 RM-9000 DATA MODES 
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versed. The additive-write flag AD is also used in raster data mode to prevent 
~" the writing of raster data with a zero bit value. This is useful in writing text 
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Data is stored in the RM-9000 refresh memory in one of two data modes: image 

mode or raster mode. The RM-9000 display controller always writes a data valu< 

of up to twelve (12) data bits per pixel Into refresh memory; the origin of this L. 

data determines the data mode. In image data mode, the low-order 12-b its of a 

16-bit data word are stored in up to twelve (12) subchannels of refresh memory ', 

for a single pixel. This storage is only done in those refresh memory subchannels ^— 

which are selected by the subchannel mask parameter. Therefore, in image mode, 

it is possible to store any 12-bit value in any pixel in refresh memory. Since the [ 

data to be loaded is externally generated, the FOREGROUND and BACKGROUND i~ 

parameters which are crucial to raster data mode are not used. In raster data mode, 

only the FOREGROUND or BACKGROUND values are written into a pixel loca- ('"'" 

tion. Each bit of raster data represents a separate pixel, and the value of each *— 

raster bit selects whether the FOREGROUND or BACKGROUND value will be 

written into the represented pixel. The reverse-background flag BK influences ] 

raster data mode in that when BK=1 , the polarity of incoming raster data is re- '- J 



Table 3-1 RM-9000 Instruction Repertoire 
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on to an existing display; only the character (and not its font background) will 
be stored in refresh memory. Table 3-2 defines the mode used by the various 
complex instructions for writing data to refresh memory. 

Note that these data modes define the mechanism by which data is stored in re- 
fresh memory. It is essential that the user understand the implications of each 
data storage mode in order to effectively use the RM-9000 instruction set. 
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Table 3-2 RM-9000 Instruction Set 
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INSTRUCTION 


DATA MODE 


ERASE 


Raster 


WRITE IMAGE 


Image 


READ IMAGE 


Image 


WRITE TEXT 


Raster 


WRITE RASTER 


Raster 


WRITE VECTOR 


Raster 


WRITE PLOT 


Raster 



3-4 NORMAL INSTRUCTION FORMAT 

The normal instruction format can carry a variety of parameter and data informa- 
tion to the display system. The format also allows a variable amount of para- 
meters and data information. The variable format allows the user to transmit only 
the information used in a particular operation. This means that a very complex 
function, such as window erase, can be performed via a single 16-bif word when 
the window parameters have been previously defined. 

Figure 3-1 illustrates the normal instruction format. The first (most significant) 
byte of the first word defines the operation code as is done in all RM-9000 in- 
structions. 

The second (least significant) byte is called the parameter byte 1 and defines the 
coordinate addressing mode, additive or replacement writing mode, reverse 
background mode, byte processing order and the presence of operand parameters 
and/or data . 
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3-5 Para meter -B yte 

The fields in the parameter byte are defined as follows: 



NAME 



BIT POSITION 



Data Flag 





Operand Flag 


1 


Undefined 


2 


Reverse Packing 


3 


Reverse Background 


4 


Additive Write 


5 


Addressing Mode 


6, 7 



3-6 Data Flag (Bit 0) 

A Data Flag (DF) value of 1 indicates that a data length word (i.e., the numbers 
of bytes of data) and the specified number of data bytes will follow any complex 
parameters that might be set by the complex instruction. A (DF) value of indi- 
cates the absence of a data length word or any data following any complex para- 
meters. For a complete description of the data length word and the data format, 
see Sections 3-30 and 3-31 . 



3-7 Operand Flag (Bit 1) 

An Operand Flag (OF) value of 1 indicates the presence of the operand flag word. 
An (OF) value of indicates the absence of an operand flag word and correspon- 
dingly the absence of any parameter operands. The operand flag wurc! follows the 
instruction word if present. (See Section 3-1 1 for a discussion of the operand 
flag word.) 



3-8 Reverse Packing Flag (Bit 3) 

The Reverse Packing Flcg (RP) specifies the packing mode for byte oriented data. 
The (RP) flag effects only data (not parameter) and only byte oriented data such 
as text or raster. A (RP) value of indicates normal packing and a (RP) value of 
1 indicates reversed packing. 
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The normal packing mode for 8-bit bytes in the 16-bit word specifies that bytes 
are unpacked and processed from left-to-right, i.e., the most significant data 
byte is processed first. Reverse packing means the order of unpacking is right-to- 
left, i.e., the least significant byte is processed first. 
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3-9 Background Flag (Bit 4) 

The Background Flag (BK) selects between normal and reverse background for 
text, raster and graphic commands. Normal background is selected when the 
(BF) bit is zero and reverse background when (BF) is one. 

The RM-9000 uses either the BACKGROUND parameter or the FOREGROUND 
parameter when generating raster, text and graphic data. The norma! mode is 
for the FOREGROUND value to be selected when a data bit is one (1) and the 
BACKGROUND value is written to refresh memory when a data bit is zero (0). 
The reverse background mode reverses the selection of these two parameters fust 
as if the parameters had been exchanged or as if the data bits were reversed. 
(See raster data section.) 
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3-10 Additive Flag (Bit 5) 

The Additive Write Flag (AD) when set to a one will cause raster, text and car- 
tesian data (i.e., data generated by the ERS instruction) to be written in refresh 
memory in an "additive" fashion, i.e., data bits with a zero value cause nothing 
to be written to memory and only data bits with a one (1) value cause data to be, 
written. 

An Additive Write Flag value of zero (0) causes "replacement writing of memory, 
i.e., both zero and one bits will cause memory contents to change. 

The user may select combinations of the additive and background flags. Table 
3-3 gives the various relationships. 



3-11 Addressing Mode Flags (Bit 6, 7) 

The normal instruction format permits selection of one of four addressing modes 
for each instruction. All coordinate information such as window position is 
modified by the addressing mode selected. 
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Table 3-3 Functional Relationship of Data, Background Flag 
& Additive-Right Flag 



BK 

1 



AD 
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| B F 
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! F J B 


X 


B 



DATA BIT 

F WRITE FOREGROUND VALUE 
B WRITE BACKGROUND VALUE 
X NO WRITE 

Additive (AD) - Background (BK) & Data Relation 



The addressing mode flags (IX) are absolute (IX = 00), index using index 1 (IX = 01), 
index using Index 2 (IX = 10), and relative (IX =11). The RM-9000 maintains two 
(2) internal index registers, 1X1 and 1X2 which are set by the INDEX parameter 
(See Sections 3-17 & 3-18). 

Absolute Addressing 

The x, y values in the parameter or data list are used directly 
as screen coordinates. 

Index Addressing 



The parameter or data value referencing screen coordinates is 
added to the index selected to determine the coordinate desired. 

Relative Addressing 

The parameter or data value referencing screen coordinates is 
added to the current operating point (last screen coordinate 
read or written). 

The relative addressing mode can be used to create a sequence of vectors, each 
new endpoint being relative to the termination of the previous. 
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The index addressing modes allow the creation of a display or image independent 
of screen position. Note that the index register value used is the previous value 
defined for that index register, i.e., previous to the complex instruction which 
is using indexed addressing. Parameter values which refer to screen coordinates 
(such as WINDOW or START POINT) are computed by performing a 2's comple- 
ment addition of the parameter value with the selected index register. 

The absolute mode provides standard screen addressing capability. 

The RM-9000 screen is addressed with a coordinate system having the upper left 
corner as (0, 0). . 



Increasing X 



Increasing y 



Figure 3-2 Screen Coordinate Orientation 



3-12 Operand Flag Word 

The Operand Flag Word indicates the presence or absence of the sixteen (16) 
possible parameters operands for normal instructions. Each parameter operand 
for a normal instruction must appear in a fixed sequence. Each bit in the Oper- 
and Flag Word corresponds to a parameter operand in the same sequence. A 
zero bit in i'iie same position as a parameter operand indicates the operand is 
absent. Each bit is interpreted from right-to-left, i.e., Bit corresponds to the 
first parameter operand and Bit 15 corresponds to the last parameter operand. 



3-13 Parameter Operands 

The parameter operands are the various internal values which define the operation 
and subsequent display for all normal instructions. The parameter operands may be 
set in any RM-9000 normal instruction and affect only the operation of normal in- 
structions. Parameter operand values are non-volatile from normal instruction to 
normal instruction; once a parameter operand is set by a normal instruction, the 
parameter operand value remains the same until reset by the user. The presence 
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BAS 


CON 


LAF 


SCL 


SPC 


DIM 


SCN 


WIN ORG 


1X2 J 1X1 
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BGD 


FGD 


MSK 



15 14 13 12 11 1(1 9 



BIT 


MNEMONIC 


FUNCTION 





MSK 


SUBCHANNEL 


1 


FGD 


FOREGROUND 


2 


BGD 


BACKGROUND 


3 


1X1 


INDEX 1 


4 


1X2 


INDEX 2 


5 


ORG 


ORIGIN 


A 


Vv i N 


WINDOW 


7 


SCN 


SCAN 


a 


DIM 


DIMENSION 


9 


SPC 


SPACING 


10 


SCL 


SCALE 


11 


LAF 


FUNCTION 


12 


CON 


CONIC EQUATION 


13 


BAS 


BASE LINE 


14 


SCR 


SCROLL COUNT 


15 


COP 


START POINT 



Figure 3-3 Operand Flag Word Format 



of any set or subset of parameter operands is indicated by the state of the 16-bits 
in the operand flag word (See Section 3-12), The order of appearance of each of 
the parameter operands is defined by the position of its flag bit in the operand 
flag word. A parameter operand with a flag-bit position of m will appear before 
a parameter operand with a flag-bit position of (n), if (m) is less than (n). The 
number of words associated with each parameter operand is fixed, but this number 
varies from 1 up to 12 io words. The parameter operands are sensitive to the 
addressing mode bits, but not to any of the other bits in the parameter byte. 
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3-14 Subchannel Parameter (No. 0) 
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The SUBCHANNEL paramefer may be set via any normal instruction (except NOP), 
Its presence is flagged via Operand Flag Bit 0. The operand itself is a single 16- 
bit word and write-enables a prescribed combination of refresh memory bit planes 
(subchannels) for image generation purposes. There are twelve (12) possible sub- 
channels and twelve (12) corresponding bits in the SUBCHANNEL argument, i.e., 
Bit corresponds to Subchannel 0, Bit 1 to Subchannel 1 , . . . , and Bit 11 to 
Subchannel 1 1 . When set to a "one" state, the corresponding subchannel is 
enabled, and visa-viisa. Disabled subchannels are nor affected by write oper- 
ations (including Erase). The subchannel parameter has no effect during read 
instructions, e.g., Read Image "a" will respond with a value for all subchannels 
in the system. Although the RM-9000 is normally configured as a single channel 
system, the SUBCHANNEL parameter provides for multi-channel partitioning of 
the refresh memory. For example, the refresh memory might be partitioned into 
four (4) channels of three (3) subchannels each, with each channel producing a 
seven (7) color (plus black) image. 

SUBCHANNEL default value = OFFF (Hex). 



3-15 Foreground Parameter (No. 1) 
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The FOREGROUND parameter may be set via any complex format instruction 
(except NOP). It's presence is flagged via Operand Flag Bit 2 . The operand 
itself is a single 16-bit word in length and is identical in format to the SUB- 
CHANNELS argument. It establishes foreground color or intensity for normal 
foreground ("one" bits) font, raster and graphics data by. assigning a "one" or 
"zero" for each of the twelve (12) possible subchannels. When writing reversed 
background character font and raster data, FOREGROUND establishes color or 
intensity for "zero" state data. 

FOREGROUND default value = OFFF (Hex). 
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3-16 Background Parameter (No. 2) 
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The BACKGROUND parameter ma/ be set via any complex format instruction 
(except NOP). Its presence is flagged via Operand Flag Bit 2. The operand 
itself is a single 16-bit word in length and is identical in format to the SUB- 
CHANNELS argument. Interpretation is identical to the FOREGROUND argument 
except that background color or intensify is specified, i.e., the color of normal 
background, ''zero" state font or raster data. When background is icversed, data 
interpretation is likewise reversed. That is, BACKGROUND then specifies the 
color or intensity of "one" state character font, raster or graphics data. 

BACKGROUND default value = 0000 (Hex). 
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idex 1 Parameter (No. 3) 



X - Address 



Y - Address 
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The INDEX 1 parameter may be set via any complex format instruction (except 
NOP). Its presence is flagged via Operand Flag Bit 3. The operand itself is 
two 16-bit words in length and specifies a local cddressing origin (or displace- 
ment). The first word specifies X address or horizontal displacement from element 
0, whether positive or negative. The second word likewise specifies Y address 
or vertical displacement from line 0. Received coordinate values (X/Y) in sub- 
sequent normal instructions and in subsequent parameters in the current normal 
instruction are conditionally summed with the current INDEX 1 specified values 
in order to derive the effective (refresh memory) address, i.e., provided thaf 
Index Register 1 addressing was specified in the first word of the received command 
(IX = 01). If IX / 0, the values loaded into the X and Y components of 1X1 are 
the sum of current X and Y components of the specified registers and the X and Y 
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components of the operand. Therefore, IX = 01 causes 1X1 to be the sum of the 
old contents and the new operand values. 

The actual values used for 1X1 (and 1X2) are computed as follows: 

6 If IX = (absolute addressing mode), the actual received 
argument values for 1X1 (both X and Y) are used as absolute 
addresses. 

e If IX = 1 (Index 1 addressing mode), the received argument 
values for 1X1 (both X and Y) are summed with the current 
values of 1X1 to form a new set of IX] values. 

© If IX = 2 (Index 2 addressing mode), the ar.tua! received 
arguments values for 1X1 (both X and Y) are summed v/ith 
the current values of 1X2 to form a new set of IX] values. 

© If IX = 3 (Relative addressing mode), the actual received 
argument values for 1X1 (both X and Y) are summed with 
the current values of the XCOP and YCOP to form a new 
set of 1X1 values. 

INDEX 1 X - address default value = 0000 (Hex). 

INDEX 1 Y - address default value = 0000 (Hex). 
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3-18 Index 2 Parameter (No. 4) 



X - Address 



Y - Address 
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The INDEX 2 parameter may be set via any complex format instruction (except 
NOP). Its presence is flagged via Operand Flag Bit 2 4 . The operand itself is 
two (2) 16-bit words in length and is identical to the INDEX 1 argument in both 
format and treatment. That is, received coordinate values (X/Y) in subsequent 
arguments are summed with the current INDEX 2 specified values in order to 
derive the effective (refresh memory) address, i.e., provided that Index Register 2 



L 



n 



3-27 







fe^H 



addressing was or is specified in the first word of the receive*. 
Calculation of the absolute 1X2 register values is computed in 
to 1X1. 

INDEX 2 X - Address default value = 0000 (Hex). 

INDEX 2 Y - Address default value = 0000 (Hex). 

3-19 Origin Parameter (No. 5) 



X - Origin 



Y - Origin 
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The ORIGIN parameter may be set via any normal instruction (except NOP). 
Its presence is flagged via Operand Flag Bit 5. The operand itself is two (2) 16- 
bit words and defines an address in refresh memory which becomes the origin for 
the video output to the CRT monitor (i.e., the upper, left -hand corner of the 
screen). Due to the RM-9000 memory system architecture, the ORIGIN values 
which place absolute refresh memory location (0,0) at the upper, left-hand 
corner of the video display are non-zero and different for each system type. 
These are the default value settings; Table 3-4 defines the default origin values 
for each RM-9000 series system type. The legal' range of values for both the 
t and line or'ains is from zero to the element or line resolution value 
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R.M-9300 displny system, the legal range of ele- 



ment origin values is from through 639 10 and the legal range of line origin 
values is from through 511. When altering the origin values, all data remains 
visible since wrapping will take place in both dimensions. 

ORIGIN default values: See Table 3-4. 
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Table 3-4 Systems Resolution Definitions & Origin Default Values 



SYSTEM 


ELEMENT (X) 
RESOLUTION 


LINE (Y) 
RESOLUTION 


ELEMENT (X) 

DEFAULT 

ORIGIN 


LINE (Y) 
DEFAULT 
ORIGIN 


RM-9100 


320,o 
HO, 6 


256, 
100, 6 


310,o 
136 , 6 


255, 
FF I6 


RM-9200 


640,o 
280, 6 


256, 
100 I6 


620 , 
26C, 6 


255,o 
FF, 6 


RM-9300 


6^0,0 
280, 6 


512 ;c 
200 , 6 


A?0 !0 
26C,'I 


510 , c 

ife,; 



3-20 Window Parameter (No. 6) 
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The WINDOW parameter may be set by any normal instruction (except NOP). 
Its presence is flogged by Operand Flag Bit 6, The operand itself is four (4) 
16-bit words and specifies a rectangular region used in conjunction with the ERS, 
Wl, Rl, WT, WR, SCRX and SCRY instructions. The WINDOW values are read 
in the following order: X[_ , Yj, Xr , Yg (where these values correspond to 
coordinates in Figure 3-4 . It is necessary that the WINDOW parameters conform 
to the following conditions: X^Xj^and Yj < Y g . Whenever the WINDOW 
parameter is specified, the Current Operating Point (COP) is set to the coordi- 
nate defined by Table 3-5 determined by the value of the SCAN parameter prior 
to this instruction. The default values for WINDOW are such that the entire re- 
fresh memory is within the window. 
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WINDOW START X (X L ) default value = 000 

WINDOW START Y (Yy) default value = 000 

WINDOW STOPX (X R ) default value = XRES-1 

WINDOW STOPY (Yg) default value = YRES-1 

where XRES = system element resolution 

YRES = system fine resolution 

X L X R 

(0,0) 



Yr 



(0,YMAX) 




(XMAX,0) 



WINDOW 



(XMAX,YMAX) 



J 



Figure 3-4 Window Definition 



3-21 Scan Parameter (No. 7) 



Scan Sequence 



15 14 13 12 11 10 



The SCAN parameter may be set via any normal instruction (Except NOP). Irs 
presence is flagged via Operand Flag Bit 7, The operand itself is a single 16-bit 
word in length and specifies one (1) of eight (8) possible scan sequences for the 
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"able 3-5 COP Placement After Window Setting 
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YCOP 
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Wl, Rl, WR, VYT and WP instructions. For the Wl, Rl, WR instructions, SCAN is 
defined by Table 3-6. 
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Primary scan is the direction of consecutive pixe-ls. Secondary seen is the wrap- 
around direction upon reaching a window boundary. That is, when the primary 
scan completes a line of pixels and is ready for wrap-around, the secondary scan 
will determine whether the second line of pixels is above, below, to the right or 
to the left of the First line. 
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For write text, scan direction is defined by both the SCAN and the SPACING 
parameters. The SCAN mode will determine the character orientation and whether 
the primary and secondary updates are horizontal or vertical. The SPACING 
parameter determines the direction of the update, i.e., to the left, to the right, 
up or down. The primary update is the update between successive characters. 
The secondary update is the update between successive character lines, i.e., the 
secondary update determines whether the second line of characters is above, below, 
to the right or to the left of the first line of characters. See Table 3-7. 

A new line of characters is started whenever the last character reaches or passes 
the window boundary or a carriage return or line feed is encountered. The edge 
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Table 3-6 Image & Raster Mode Scan Directions 



z 

in 


DIRECTION OF WRITING PROCESS 


PRIMARY 


SECONDARY 





Left-to-Right 


Top- to- Bottom 


1 


Right-to- Left 


Top- to- Bottom 


2 


' Left-to-Right 


Bottom-to-Top 


3 


Right-to-Left 


Bottom-to-Top 


4 


Top-to-Bottom 


Left-to-'Rinl.t 


5 


Bottom-to-Top 


Left-to-Right 


6 


Top-fo-Bottom 


Right-to-Lett 


7 


Bottom- to-Top 


Right-to-Left 



of a character may exceed the window boundary. Wrap around is by complete 
characters only. A carriage return will start the next character line at the op- 
posite window boundary. 

Table 3-7 Write Text Scan Direction 



SCAN 


PRIMARY UPDATE 


SECONDARY' UPDATE 





Horizontal 


Vertical * 
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Horizontal 


Vertical 
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Horizontal 


Vertical 
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Horizontal 


Vertical 
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Vertical 


Horizontal 
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Vertical 


Horizontal 
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Vertical 


Horizontal 


7 


Vertical 


Horizontal 
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Table 3-8 Window Origin 



SCAN 



WINDOW ORIGIN 




1 

2 
3 
4 
5 
6 
7 



Upper Left-Hand Corner 
Upper Right-Hand Corner 
Lower LeFt-Hand Corner 
Lower Righf-Hand Corner 
Upper Left-Hand Corner 

Lower Left-Hunu Corner 

Upper Right-Hand Corner 
Lower Right-Hand Comer 



A line-feed will start a new character line of the current character position, 
i.e., no return to the opposite window boundary is made. 

The positive direction for both the primary and secondary updates is to the right 
and down. If It is desired for either the primary or the secondary update to move 
to the left or up, then this update must be expressed as a two's complement nega- 
tive number. See Figure 3-5 for the normal spacing values for each SCAN mode. 

Normally the absolute values of the spacing parameters are equal to or greater 
than the character dimension parameters. If the spacing parameters are less than 
the dimension parameters, then the characters v/ii! overlap. * 

SCAN default value = ■ 



3-22 Dimension Parameter (No. 8) 
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The DIMENSION parameter may be set via any normal instruction (except NO?). 
Its presence is flagged via Operand Flag Bit 8. The operand itself is two (2) 16- 
bit words in length and specifies the dimensions of the alphanumeric font in terms 
of height and width, and the height or width of individual plot segments in terms 
of lines or elements. The first word specifies character width, or plot segment 
width for horizontal plots, i.e., a curve being plotted from left-to-right, or 
visa-versa. The second word specifies character height, or plot segment height 
for vertical plots. 

V/hen this parameter is used to specify character width and height, it is indepen- 
dent of character orientation. It is.poss.ible to use the DIMENSION parameter 
with the programmable font option to generate character fonts of a smaller size 
than eight (8) elements by tv/elve (12) lines. 

DIMENSION width default value = 7. 

DIMENSION height default value = 9. 



3-23 Spacing Parameter (No. 9) 
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The SPACING parameter may be set via any normal insrruction»(except NOP). 
Its presence Is flagged via Operand Flag Bit 9. The operand itself is two (2) 
16-bit words in length and negative spacing may be expressed in 2's complement 
form. 

For write text, spacing determines the distance between successive characters 
and the distance between successive lines. The X-displacement is always in the 
horizontal direction and the Y-displacement is always in the vertical direction. 
The scan operand (Operand Parameter 8) will determine which displacement, X 
or Y, is between characters and which is between lines. See Figure 3-5. 

The positive direction for the X-displacement is to the right and the positive 
direction for the Y-displacement is down. If it is desired for either displacement 
to be in the opposite direction, then that displacement must be expressed as a 
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Figure 3-5 Normal Spacing Valu 



es 



3-35 



two's complement negative number. See Figure 3-5 for the normal spacing values 
for each scan mode. 

For write plot, spacing defines the increment from plot entity to plot entity, along 
the plot axis. For horizontal plots, X-spacing Is used to define the plot axis in- 
crement; for vertical plots, Y-spacing is used to define the plot axis increment. 

X - SPACING default value = 7 

Y- SPACING default value = 9 



3-24 Scale Parameter (No. 10) 
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The SCALE parameter may be set via any normal instruction (Except NOP). Its 
presence is flagged via Operand Flag Bit 10. The operand itself is a single 16- 
bit word in length and specifies a scaling factor or ratio of received or generated 
picture elements to displayed picture elements for the Wl, WR and WT instruc- 
Hons. V/hen scaling text, X-Scale always refers to character width and Y-Scale 
always refers to character height. When writing a negafively scaled image where 
fewer picture elements will be displayed than will be received or generated, 
each displayed pixel will represent the arithmetic average of the corresponding 
received or generated pixels. When raster or text data Is negatively scaled, the 
reduction process will just ignore N-l of every N pixels where N is the scale 
fa ctor . 

The scale process is window oriented; the scaled results are stored in an internal 
buffer within the RM-9000 until a completely composed scan line(s) has been 
created. When the composed scan line is completed, it is written to refresh 
memory. Thus, if only a partial line of scaled image or raster data is output to 
the RM-9000, this data will be lost if: 

• SCAN, WINDOW, or SCALE parameters are set in an ensuing 
normal -format instruction, or 

• If a valid POPE instruction is issued. 
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Each scale factor Is represented as an 8-bit 2's complement number. The received 
picture element ratio is defined in Tcble 3-9. 

SCALE element ratio default value = 0. 

SCALE line ratio default value = 0.. 



Table 3-9 Scaled Picture Ratio 



oo 



RATIO 



PIQURE ELEMENTS 



RECEIVED DISPLAYED 



-2 

-I 


1 
2 



I I 



1 

2 
4 



NOTE 

EITHER OR BOTH THE X AND Y AXIS MAY BE SCALED 
EITHER UP OR DOWN, HOWEVER, ONE (1) AXIS MAY 
NOT BE SCALED UP WHILE THE OPPOSITE AXIS IS 
SCALED DOWN. 



3-25 Function Parameter (No. 11) 
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The FUNCTION parameter may be set by any normal format instruction (except 
NOP). Its presence is flagged by Operand Flag Bit 11. The parameter itself is 
a single 16-bit word in length and specifies a logical or arithmetic function (if 
any) to be performed in conjunction with the WRITE IMAGE instruction. By set- 
ting FUNCTION to a non-zero value, the WRITE IMAGE function is changed 
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from a write operation to a read-modify-write operation. Table 3-10 defines the 
legal function codes and their respective logical or arithmetic functions to be 
performed. All functions (except replacement) are performed using the old pixel 
value OP (i.e., the current value stored in refresh memory at the current pixel 
location) and the new pixel value NP (i.e., the pixel value loaded from the 
host processor). Before any function processing is performed, both the OP and 
NP are AND'ed with the current value of SUBCHANNEL; thus, only the sub- 
channels of interest are subject to FUNCTION processing. The value resulting 
from FUNCTION processing RP is also AND'ed with SUBCHANNEL in the pro- 
cess of storing this pixel value in refresh memory. 

The following is a description of each of the implemented logical/arithmetic 
processing functions. The following symbols are used in the ensuing section to 
describe rhe crirhmet'c/iogicai operations supported under the FUNCTION para- 
meter: 



RP 

OP 

NP 

SC 
v 



> 
< 

/ 



Pixel value resulting after processing specified by FUNCTION 

Old pixel value (stored in refresh memory) 

New pixel value (input from the host computer via a Wl 
instruction) 

Current value of the SUBCHANNEL parameter 

1 is replaced by ' 

Logical inclusive OR 

Logical Exclusive OR 

Logical AND 

Addition 

2's complement subtraction 

1 is greater than ' 

1 is less than or equal to ' 

Division 
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Table 3-10 Logical/Arithmetic Function Codes 
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CODE 



16 



2 
3 

4 

6 
7 
8 
9 

A 
B 
C 



FUNCTION 



NONE (DATA REPLACEMENT) 
LOGICAL OR 
LOGICAL XOR 

LOGICAL AND 

ARITHMETIC SUM 

ARITHMETIC DIFFERENCE 

GREATEST VALUE 

LEAST VALUE 

AVERAGE COMPUTATION 

INVERSE ARITHMETIC DIFFERENCE 

SIGN MAGNITUDE SUM 

SIGN MAGNITUDE DIFFERENCE 

SIGN MAGNITUDE INVERSE 
ARITHMETIC DIFFERENCE 



I- 



FUNCTION - REPLACEMENT 



RP - NP /\ SC 



1 
J 



"] 



The resulting pixel value is merely set equal to the nev/ pixel value 
(i.e., normal Wl processing is performed). The old pixel (OP) value 
is lost. 



FUNCTION 



LOGICAL INCLUSIVE OR 



RP- 



(NP v OP) ^SC 



The resulting pixel value is the logical inclusive OR of the old pixel 
(OP) value with the new pixel (NP) value. 
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FUNCTION 2 - LOGICAL EXCLUSIVE OR 

RP +• (NP^SC)v(OP^SC) 

The resulting pixel value is the logical exclusive OR of the old pixel' 
(OP) value with the new pixel (NP) value. 

FUNCTION 3 - LOGICALAND 

RP «- (NP^OP)^SC 

The resulting value is the logical AND of OP and NP values. 
FUNCTION 4 - ARITHMETIC SUM 

RP ^-((NPa SC) + (OP ^ SC) ) a sc 

The resulting pixel RP value is the arithmetic sum of NP and OP. 
FUNCTION 5 - ARITHMETIC DIFFERENCE 

RP «- ( (OP^ SC) - (NP ^SC) ) a sc 

The resulting pixel RP value is the 2's complement arithmetic difference 
of the old pixel OP value minus the new pixel NP value. 

FUNC'ION 6 - GREATEST VALUE 

RP *- OP a sc ;f (OP a SC) - (NP * SC) a 

NP a SC if (OP a SC) - (NP a SC) a 

The resulting pixel RP value is set to either NP or OP whichever is greater. 
Since each value on input is masked by the subchannel mask value SUB- 
CHANNEL (default value of OFFF]^), the comparison becomes unsigned 
when Bit 15 of SC is zero. 

FUNCTION 7 - LEAST VALUE 

RP OP a SC if (OP a SC) - (NP a SC) < 

NP A SC if (OP a SC) - (NP a SC) •> 
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The resulting pixel RP value is set to either N P or OP whichever is lesser 
in value. Since each value is masked by the subchannel mask value SUB- 
CHANNEL (default value OFFF]^) on input, the comparison becomes un- 
signed when Bit 15 of SC is zero. 

FUNCTION 8 - AVERAGE VALUE 

RP + ((((OP a SC) + (NP + SC)) /2) * SC) 

The resulting pixel RP value is fhe average value of OP and NP. The 
mechanism used to perform the division by 2 is such that rounding-up of 
the result does not occur, e.g., the average value of 0010, , and OOOFw 
is 000F 16 . 

FUNCTION 9 - INVERSE ARITHMETIC DIFFERENCE 

RP «. ( (NP-N SC) - (OP a SC) ) a SC 

The resulting pixel RP value is the 2's complement arithmetic difference of 
the new pixel NP value minus the old pixel OP value. 

In functions A^, B]£ , and C, , , sign- magnitude arithmetic is used. The 
sign-magnitude functions use the nighest-order bit which is set to 1 in SUB- 
CHANNEL (SC) as the sign bit. Negative numbers, therefore, have the same 
representation as positive numbers but with the sign bit set to 1 . Since subchan- 
nels which do not exist read back as 1, it is crucial that the SUBCHANNEL 
parameter be set up to specifically include only those subchannels necessary for 
processing. In sign-magnitude arithmetic, if the sum of 2 positive numbers 
produces a carry into the sign bit, then the carry will be lost, i.e., the result 
will remain positive. If the sum of two (2) negative numbers produces a carry 
into rhe sign bit, then the result will remain negative. 

EXAMPLE - Subchannel Mask = 0000001111110000 = 03F0 16 

0020 + 0210 ]6 = 0010 16 2 + (-1) = 1 
0220 16 + 0210 16 = 0230 16 -2 + (-1) = 3 
0020 16 + 0240 16 = 0220 16 2 + (-4) = 2 
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0102 ]6 + 010T ]6 = 0103 



Subchannel' Mask = 0000000100001111 = 01 OF, , 

lo 

0002 ]6 + 0101 16 = 0001 2 + (-1) = 1 

-2 + (-]) = -3 
0002 |6 + 0104 ]6 = 0102 2 + (-4) = -2 
■ FUNCTION A ]6 - ARITHMETIC SUM (SIGN MAGNITUDE) 

RP *- ( (OP a SC) + (NP A SC) ) a SC (Sign-Magnitude Sum) 

The resulting pixel (RP) value is the sum of the ofd pixel (OP) value 
and' the new pixel (NP) value. Both (N P) and (OP) are evaluated as 
sign-magnitude numbers using the SUBCHANNEL parameter to define 
the sign bit. 

FUNCTION B | 6 - ARITHMETIC DIFFERENCE (SIGN MAGNITUDE) 

RP +- ( (OP a SC) - (NP a SC) ) a SC (Sign-Magnitude Difference) 

The resulting pixel (RP value is the difference of the old pixel (OP) 
value minus the new pixel (N P) value. Both (NP) and (OP) are evalu- 
ated as sign-magnitude numbers using the SUBCHANNEL parameter to 
define the sign bit . 

FUNCTION C ]fj - INVERSE ARITHMETIC DIFFERENCE (SIGN MAGNITUDE) 

RP •*- ( (NP a SC) - (OP a SC) ) a SC (Sign-Magnitude Difference) 

The resulting pixel (RP) value is the difference of the new pixel (N P) 
value minus the old pixel (OP) value. Both (NP) and (OP) are evalu- 
ated as sign-magnitude numbers using the SUBCHANNEL parameter to 
define the sign bit . 

FUNCTION default value = (Replacement Mode) 
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3-26 Conic Equation (Parameter (No. 12) 
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The CONIC EQUATION parameter operands may be set by any normal format 
instruction (except NOP). Its presence is flagged by Operand Flag Bit 12. 
This parameter consists of six double-word arguments A, B, C t D, E and K. 
The first word of each double-word pair is the high-order word. The second 
word is the low-order word. In the current implementation of RM-CON, the 
high-order word is not used, and was included to allow for possible future ex- 
pansion to higher resolution display systems. 

The arguments A, B, C, D and E are 16-bit 2's complement integers which are 
used as the generalized conic equation coefficients. The generalized form of 
the conic equation is: 



iy 



,xy 



+ D> 



+ 



Ey = 0. 



The argument K represents the total number of pixels to be generated for the 
conic described by A, B, C, D and E. For example, a circle of radius 1 00 -j q 
pixels would have a value of 400in for K. 

For a detailed description of the use of the CONIC-EOUATION parameter 
operand in conjunction with the vVC instruction, see Section 3-51 and Appen- 
dix B. 
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CONIC- EQUATION default valu 



es: 



A = 


D = 


B = 


E = 


C = 


K = 1280 
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3-27 • Baseline Parameter (No. 13) 



FILLED PLOT BASELINE 



15 14 I 13 12 11 10 9 



7 6 5 14 3 2 1 



The BASELINE parameter may be set via any normal format instruction (except 
NOP). Its presence is flagged by Operand Flag Bit 13. The operand itself is 
a 16-bit word in length and specifies whether a filled plot or a line plot is to 
be drawn. When BASELINE is zero, a line plot (i.e., a plot in which each 
endpoint along the curve becomes the start point for the succeeding plot seg- 
ment) is drawn. When BASELINE is non-zero, the BASELINE defines the start 
point for each plot segment. If SCAN is between and 3, then BASELINE 
defines the horizontal axis to which the filled-plot segments v/ill be drawn, 
i.e., BASELINE defines a Y-address. Similarly, if SCAN is between 4 and 7, 
then BASELINE defines the vertical axis to which the filled-plot segments will 
be drawn, i.e., BASELINE defines an X-address. 

DEFAULT BASELINE VALUE : 
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Scroll-Count Parameter (No. 14) 



SCROLL COUNT 
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The SCROLL-COUNT parameter may be set by any complex format instruction 
(except NOP). Its presence is flagged by Operand Flag Bit 14. The operand 
itself is a single 16-bit word in length and specifies scroll count and direction 
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i.e., left or right for SCRX, or up or down for SCRY. When set to a negative 
value, scroll will occur in the negative direction. That is, the image will be 
scrolled left for SCRX and up for SCRY. When set to a positive value, the 
image v/ill be scrolled right for SCRX and dov/n for SCRY. The scroll count is 
a 2's complement 16-bit number. 

DEFAULT SCROLL- COUNT VALUE : 



3-29 Start-Point Argument (No. 15) 



i 



X - ADDRESS 



Y - ADDRESS 
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1 



The START-POINT argument may be set by any complex format instruction 
(except NOP). Its presence is flagged by Operand Flag Bit 2 , The oper- 
and itself is two (2) 16-bit words in length and specifies a start-point for the 
W[, R|, WR, WT, WV, WC and WP instructions. Note that when WINDOW 
or SCAN are specified, the appropriate start-point is automatically calculafed 
for the Wl, Rl, WR and WT instructions and, therefore, need not be specified 
unless the writing process is to begin in other than the appropriate corner of 
the WINDOW. Table 3-8 defines the default values for START-POINT based 
on the setting of WINDOW and SCAN . Because WINDOW is not pertinent to 
the WV, WC and WP instructions, START-POINT must be specified. Other- 
v/ise, the last end-point (current COP) v/ill be used as the new start point. 
The START-POINT explicitly sets the Current Operating Point (COP) according 
to the addressing mode specified by the instruction containing the parameter. 
For window oriented commands, the value specified must be v/ithin the area 
specified by the WINDOW parameter for proper operation. 

DEFAULT X START POINT VALUE : 

DEFAULT Y START POINT VALUE : 
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3-30 Data Length Word 
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The Data Length Word defines the number of bytes of data for any normal format 
instruction, it defines either the number of bytes to be read by the RM-9000 
for the NOP, SET, ERS, WI, WT, WR, WV, WC, WP, SCRX, SCRY instruc- 
tions or the number of bytes to be read by the host computer for the Rl instruc- 
tion. The Data Length Word will be present immediately after the opcode word 
or any normal instruction parameters which may be present if Bit of the Para- 
meter Byte (i-e., the DATA FLAG) is set to one (1). The data length v/ord may take 
on a maximum value of 65535,n Bytes represented by an unsigned 16-bit number. 



3-31 Normal-Format Instruction Data 

If the Data Flag (Bit of the parameter byte) is 1, the n bytes of data as speci- 
fied in the Dcta Length Word will be transferred immediately following the 
Data Length Word in any normal format instruction. The format of this data 
varies from instruction to instruction. Five data types are possible for the nor- 
mal instruction set: 

S Image data For the WI and Rl instructions 

© Text data for the WT instruction 

9 Plot data for the WP instruction 

3 Endpoint data for the WV and WC instructions 

q Raster data for the WR instruction. 

All other normal format instructions will read in the indicated number of bytes 
of data and subsequently discard them. 
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Normal-Format Standard Instructions 

Sections 3-33 through 3-38 define the formats and functions of the normal-format 
instructions which are supported by the RM-9000 standard firmware package. The 
instructions in this set are: 



INOP 

SET 

ERS 

W| 

Rl 

WT 



No Operation Instruction 
Set Parameter Instruction 
Erase Instruction 
Write Image Instruction 
Read Image Instruction 
Write Text Instruction 



These instructions are standard in all RM-9000 systems. 
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3-33 No-Operation Instruction (INOP) 



OPCODE (07) 



IX 



AD BK RP 



OF 



DF 



OPERAND FLAG WORD 



PARAMETER OPERANDS 
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The INOP instruction is a normal-format instruction which is included in the 
RM-9000 standard firmware. The INOP instruction performs no internal func- 
tions whatsoever; any parameter operands or data which are present in the in- 
struction stream are discarded. The INOP instruction is useful in facilitating 
the debugging of instruction streams passed from the host processor to the RM- 
9000. By simply changing the opcode byte of any normal-format instruction 
or of any single word special-format instruction, the integrity of the instruction 
stream can be maintained while selectively eliminating the effects of one or 
more instructions. 
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PERTINENT ARGUMENTS 



None 



POSSIBLE ERROR CONDITIONS 



None 
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3-34 Set Parameter Instruction (SET) 



( a 



OPCODE (08) 



IX 



AD 



BK 



RP 



OF DF 



OPERAND FLAG 



PARAMETER OPERANDS 



DATA LENGTH WORD 




13 


12 


11 


10 | 9 


8 


7 


6 ' 


5 


4 


3 


2 


1 






14 



The SET instruction is a normal-format instruction which is included in the 
RjV'-9000 standard firmware. The SET instruction allows all parameter operands 
to be defined (based in some cases on the addressing mode) as in any normal- 
format instruction, but any data which is present in the instruction stream will 
be ignored. This instruction is included in the standard firmware in order to 
facilitate debugging of a display instruction stream. It allows a user to perform 
parameter operand processing whose internal modifications could carry over to 
the subsequent instructions in the instruction stream, while ignoring the re- 
ceived data. 

PERTINENT CONTROL BITS 

IX Defines the address mode in which the INDEX 1, INDEX 2, ORIGIN, 

WINDOW, BASELINE and STARTP01NT will be evaluated. 
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PERTINENT PARAMETER OPERANDS 

All parameter operands are pertinent to the SET instruction in the sense that all 
parameter operands may be re-defined; hov/ever, since SET performs no display 
functions, none of the arguments are pertinent to the display of data in an im- 
mediate sense. 

DATA FORMAT 

Since all data is discarded, data format is irrelevant. 
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3-35 Erase Instruction (ERS) 



OPCODE (09) 


IX 1 AD J BK 


RP 


OF DF 



PARAMETER OPERAND FLAG 



PARAMETER OPERANDS 



DATA LENGTH WORD 
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The ERS instruction is a normal-format instruction which is included in the 
RM- 9000 standard firmware. The ERS instruction sets the rectangular area in 
refresh memory defined by the WINDOW parameters to either the FOREGROUND 
or BACKGROUND value based on the value of BK, If BK = 0, the BACK- 
GROUND value will be used; otherwise if BK = 1, the FOREGROUND value 
will be used. Regardless of FOREGROUND/BACKGROUND usage, the selec- 
ted value will be write-masked by the SUBCHANNEL parameter operands. The 
Cartesian data generated by the ERS instruction uses the internal mode also 
used by the text and the raster processors, the AD flag can affect ERS proces- 
sing. If AD = 1, then no Cartesian data will be written into refresh {See 
Table 3-3 of Section 3-10) with a data value of 0. All data associated with 
an ERS instruction will be discarded. 
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PERTINENT CONTROL BITS 

IX Defines Hie address mode in which the WINDOW parameter operands 

will be evaluated, and as such, affects the rectangular area to be used. 

AD Affects the generation of Cartesian data such that if AD = l y no data 
will be written to refresh memory. 

BK Defines the color or intensity value to be used, i.e., if BK = 0, the 

BACKGROUND value is used; otherwise, the FOREGROUND value is 
used. 

PERTINENT PARAMETER OPERANDS 



SUBCHANNEL 



Defines the subchannel write-enable mask; only those sub- 
channels whose corresponding bit in the SUBCHANNEL 
mask v/ill be written with data from the ERS instruction. 



FOREGROUND 



BACKGROUND 



INDEX 



Defines the color or intensity value to be stored in refresh 
memory when BK = I. 

Defines the color or intensity value to be stored in refresh 
memory when BK = ft . 

Displaces the WINDOW parameters when WINDOW is set 
in the ERS instruction and IX = 1 . 



NDEX 2 



WINDOW 



Displaces the WINDOW parameters when WINDOW is set 
in the ERS instruction and IX = 2. 

\ 

Defines the rectangular area to be erased. 



DATA FORMAT 



Since all data is discarded, data format is irrelevant. 



POSSIBLE ERROR CONDITIONS 

If the WINDOW parameter values are outside of the system resolution, the re- 
sulting Cartesian data will be indeterminate. 
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3-36 Write Image Instruction (Wl) 



OPCODE (OA) 


IX AD 


BK 


RP 


- 


ofIdf 


PARAMETER OPERAND FLAG WORD I 














1 




DATA LENGTH WORD 




15 



14 13 12 



11 10 



The Wl instruction is a normal-format instruction which is included in the 
RM-9000 standard firmware. The W! instruction stores up to 32767^ words of 
data in refresh memory on a word-per-pixel basis within the rectangular area 
defined by WINDOW. The first 16-bit word of image data received from the 
host processor is stored in refresh memory at the pixel defined by the START- 
POINT parameter operand or by the current operating point which was the 
result of the previous instructions if no START-POINT value Is specified in the 
Wl instruction. The successive words of image data are stored in refresh mem- 
ory based on the primary update mode associated with SCAN (See Section 3-21). 

When a window boundary Is encountered while storing image data words in 
successive pixels based on the primary update direction-, the current operating 
point is set to the opposite window boundary and incremented in a direction 
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perpendicular to the primary scan direction (i.e.> the secondar/ update direc- 
tion defined by SCAN). When a window boundary is encountered in the pro- 
cess of incrementing in the secondary update direction, the current operating 
point is repositioned to the opposite window boundary. 

Since the data to be written to the refresh memory is supplied directly from the 
host processor and not from the FOREGROUND or the BACKGROUND para- 
meter operand, the AD and BK control flags are ineffective in image mode. 

PERTINENT CONTROL BITS 



IX 



Defines the address mode in which the INDEX 1, INDEX 2, 
WINDOW and START-POINT parameter operands set by any 
given W[ instruction, ave 



c evaluated. 



PERTINENT PARAMETER OPERANDS 



SUBCHANNEL 



INDEX 1 



NDEX 2 



WINDOW 



SCAN 



SCALE 



Specifies the subchannels (i.e., bit planes in refresh mem- 
ory) which are write-enabled and which will receive image 
data. 

Displaces the values to be used for WINDOW and START- 
POINT parameter operands set in the Wl instruction when 
IX = 1. 

Displaces the values to be used for WINDOW and START- 
POINT parameter operands set in the Wl instruction when 
IX = 2. • 

Defines the rectangular area into which irnage data will 
be written. In addition, if the START-POINT parameter 
is not explicitly set in the Wl instruction, WINDOW along 
with SCAN defines the starting pixel coordinates (See 
Section 3-21). 

Defines the primary and secondary update directions as 
well as the starting pixel coordinates when START-POINT 
is not explicitly defined, in a Wl instruction. 

Defines the ratio of pixels written in refresh memory to the 
number of image data words received from the host proces- 
sor (See Section 3-24). 
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FUNCTION Defines one of thirteen (13) possible imcge processing modes 

to be applied as each pixel is stored in refresh memory. A 
value of J0 defines a write with no processing operation; 
while the other twelve (12) non-zero functions represent a 
read-modify-write operation per pixel (See Section 3-25), 

START-POINT Specifies the coordinates of the first pixel to be written 

with image data; if not defined, the current operating 
point which was the result of the previous instruction is 
used as the starting pixel coordinate. 



DATA LENGTH V/ORD 

The DATA LENGTH V/ORD represents the number of bytes of data to be trans- 
mitted from the host processor to the RM-9000 with c W| instruction. Since 
imcge data is defined on a word basis, the DATA LENGTH V/ORD should 
always reflect an even number of bytes. If the DATA LENGTH V/ORD is odd, 
the byte count used will be one less than the actual byte count stored, e.g. 
if the DATA LENGTH WORD had a byte count value of 33 ]0 bytes, 32 1Q 
bytes or 16jq words would be expected by the RM-9000. The range of the 
DATA LENGTH WORD is from through 65534] Q bytes or 32767 ]Q words. 



' • / 



DATA FORMAT 



Data in image mode is interpreted on a word basis. Of the 16-bits of data per 
word, only the low-order twelve (12) ere actually used when no logical/arith- 
metic FUNCTION processing is to be performed. Assuming that all subchannels 
have been write-enabled via SUBCHANNEL, each bit of the incoming data 
word is written to its corresponding subchannel , i.e., data Bit to Subchannel 
0, Data Bit 1 to Subchannel 1, ..., Data Bit 1 1 to Subchannel 1 1 . .When 
FUNCTION processing is to be performed, the incoming data is and'ed with 
SUBCHANNEL before use, therefore all 16-bits of image data could be signifi- 
cant if the value of SUBCHANNEL enabled bits in the upper four (4) positions 
(See Section 3-25 on FUNCTION processing). 



COP MOVEMENT 

The resulting current operating point after the completion of a Wl instruction 
is the coordinates of the next pixel which would have been written if (N + 1) 
words of data had been passed in the instruction rather than N words. Since 
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the primary and secondary update directions are defined by SCAN, the re- 
sulting COP position is a function of SCAN and the number of words of image 
data written. For further discussion of the COP movement, see Example 3-1. 



POSSIBLE ERRORS 

If the DATA LENGTH WORD is odd, it is possible for -an unsuspecting user to 
get out of synchrony with the RM-9000, i.e., interpret a word of data as an 
instruction opcode word. 



EXAMP LE 3-1 

This example demonstrates the use of the W| instruction and the operation of 
SCAN and WINDOW in conjunction with this instruction. The following in- 
struction stream stores data in a rectangular window in refresh memory and the 
associated Figures 3-6 a through h, indicate the resulting displays. The win- 
dow is defined by the coordinate corners (100,100) and (103,103). Sixteen 
(16) words of data (designated by the symbols Dl through D16) will be written 
into the rectangular area defined by the WINDOW parameter operand: 



HEX 

0500 
0A03 
00C0 

xxxx 

0064 
0064 
0067 
0067 
0020 



MNEMONIC 

RESET 

WI+OF+DF 

SCN+WIN 

XXXX 

100 

100 

103 

103 

32 

Dl 

D2 

D16 



DESCRIPTION 

Clear Screen 

Write Image Instruction 

Operand Flag Word 

Scan Value from through 7 

Element Left Margin = 100]Q 



Line Top Margin = 100 
Element Right Margin = 



03 



Line Bottom Margin = 1 03 1 q 
Data Length Word = 32 -jg 

32 bytes (16 words) of data 



10 



Where XXXX defines the scan mode from through 7. 

Notice that the current operating point (COP) after all of the image transfers 
are complete is identical to the starting COP, since after data value D16 was 
transferred both primary and secondary updates are exercised. 
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[f the DATA LENGTH WORD value was increased to 34, Q and a seventeenth 
data value D 17 added, the primary and secondary updates return the COP to 
the starting coordinates and over-write the pixel at (100,100) with D17. 
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(a) SCAN MODE = 

START X = 100 

START Y = 100 
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(c) *cm MOPE = 3 

START X = 100 
START Y = 103 

100 101 102 103 
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(e) SCAN MODE = 4 

START X = 100 
START Y =100 
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(b) SCAN MODE = 1 

START X = 103 
START Y = 100 



100 101 



1 02 1 03 
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<dj SCAN MODS - 3 

START X =103 
START Y =103 
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Figure 3-6 Imaging Scan- Example 
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3-37 Read Image Instruction (Rl) 



OPCODE (OB) 


IX 


AD 


BK [ RP 


- 


OF DF 


PARAMETER OPERAND FLAG WORD j 




PA RAM E 


TER OPERANDS 











DATA LENGTH WORD 



5 I 14 f 13 I 12 | 11 I 10 I 9 



5 


4 


3 


2 


1 






8 I 7 



The Rl instruction is a normal format instruction which is included in the RM- 
9000 standard firmware. The Rl transfers up to 32767-1 q words of refresh mem- 
ory data to the host processor on a word-per-pixel basis from the rectangular 
area defined by WINDOW. The first 16-bit word of image data transferred 
from refresh memory to the host is obtained from the pixel defined by the START- 
POINT parameter operand or by the current operating point which was the 
result of the previous instruction(s) if no START-POINT value is specified in 
the Rl instruction. The successive words of image data are reed back from 
refresh based on the primary update mode associated with SCAN (See Section 
3-21). 

When a window boundary is encountered while reading image dcta words from 
successive pixels based on the primary update direction,, the current operating 
point is set to the opposite window boundary and incremented in a direction 
perpendicular to the primary scan direction. When a window boundary is en- 
countered in the process of incrementing in the secondary update direction, 
the current operating point is repositioned to the opposite window boundary. 

Since the data to be written to the host processor is supplied directly from the 
refresh memory and not from the FOREGROUND or the BACKGROUND para- 
meter operand, the AD and BK control flags are ineffective in image mode. 
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When data fs read back from fhe refresh memory using the Rl instruction/ the 
5UBCHANNEL v/rite-enable mask is not effective. All subchannels are passed 
back to the host processor. An RM-9000 can have any number of subchannels 
up to twelve (12) and the data which is read back from subchannels which are 
not present in the configuration is indeterminate. The high order 4 bits of the 
read back data value will read back to the host processor as 1 . Thus, if re- 
fresh memory has been erased to zeros, all data words would read back as 
F000-] (£, in a 12-su channel system. 



PERTINENT CONTROL BITS 



IX Defines the address mode in which the INDEX 1, INDEX 2, 



WINDOW and 5iART-FOlN: parameter operands sot by any 



given W( instruction, are evaluated. 

PERTINENT PARAMETER OPERANDS 



NDEX 



Displaces the vclues to be used for WINDOW and START- 
POINT parameter operands set in the Wl instruction when 
IX = 1. 



INDEX 2 



Displaces the values to be used for WINDOW and START- 
POINT parameter operands set in the Wl instruction when 
IX = 2. 



WINDOW 



Defines the rectangular area from which image data will 
be read back. In addition, if the START-POINT para- 
meter is not explicitly set in the Wl instruction, WINDOW 
along with SCAN defines the starting pixel coordinates 
(See Section 3-2 1). 



SCAN 



START-POINT 



Defines the primary and secondary update directions as 
well as the starting pixel coordinates when START-POINT 
is not explicitly defined in the Rl instruction. 

Specifies the coordinates of the first pixel to be written 
with image data; if not defined, the current operating 
point which was the result of the previous instruction is 
used as the starting pixel coordinate. 
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DATA LENGTH WORD 



J 

■ The DATA LENGTH WORD represents the number of bytes of data to be trans- 

§ mitted from the RM-9000 to the host processor with a RI instruction. Since • 

T^ image data is defined on a word basis, the DATA LENGTH V/ORD should 

;_ always reflect an even number of bytes. If the DATA LENGTH WORD is odd, 

I the byte count used will be one less then the actual byte count stored,, e.g., 

j if the DATA LENGTH WORD had a byte count value of 33 10 bytes, 32 ]0 

-_. bytes or 16iq words would be expected from the RM-9000. The range of the 

_J DATA LENGTH WORD is from through 65534 ]Q bytes or 32767 ]Q words. 



1 

] 

j 

J The resulting current operating point after the completion of an RI instruction 

is the coordinates of the next pixel which would have been read back if (N + 1) 

J words of data had been passed in the instruction rather than N words. Since 

the primary and secondary update directions ere defined by SCAN, the resulting 
COP position is a function of SCAN and the number of words of image data read 
] back. For further discussion of the COP movement, see Example 3-1. 



DATA FORMAT 

Data in image mode is transmitted on a word basis. Of the I6-bifs of data per 
word, only the low-order 12 actually carry refresh memory data. The low- 
order 12-bits correspond to subchannels such that Bit 2^ reoresents subchannel 
0, Bit 2 represents Subchannel 1 . Subchannels which do not exist read back 
indeterminately. Bit 2 through 2 of the read back data value will always 
be set to 1 . 



COP MOVEMENT 



POSSIBLE ERRORS 

If the DATA LENGTH V/ORD is odd, It is possible for the unsuspecting user to 
get out of synchrony with the RM-9000, I.e., both systems will be attempting 
to read from each other and a hard system reset will be necessary. 
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3-38 Write Textlnstruct ion (WT) 



OPCODE (OC) 



IX 



AD 



BK 



RP 



DF 



DF 



PARAMETER OPERAND FLAG WORD 



PARAMETER OPERANDS 




14 



13 



12 



11 



The WT instruction is a normal format instruction included in tjhe RM-900Q 
standard firmware. The WT instruction reads A5CII character codes from host 
processor and generates the corresponding text characters on to a rectangular 
area defined by the WINDOW parameter operand. The standard 64^q ASCII 
character codes (20-iz through 5F]^) are available in a system without the RM- 
FNT programmable font option (See Appendix B). If the RM-FNT programmable 
font option is installed, the character font descriptions for codes 20]£ through 
5F] are copied to the programmable font option internal storage upon RESET 
(both hardware reset and the RM-9000 RESET instruction). Character codes 
20] o through 9?]& are able to be loaded by the host processor via the LPF 
and LPFRP instructions (See Sections 3-60 & 3-61). Character codes through 
IF-j 5 are illegal (except for carriage return OD^ and line feed OA]£ ) and 
will generate a character of undefined font. 
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The actual font size of a character is defined by the DIMENSION parameter 
operands. This is the size of the rectangle which will have text/font data 
stored in refresh memory. In a standard system without the RM-FNT option, 
the values of DIMENSION should never exceed its default values of 7 pixels 
wide and 9 pixels high. If DIMENSION is set to values less than 7 by 9, the . 
right-most and bottommost portions of the 7 by 9 font will be lost, respectively. 
In a system with the RM-FNT option, the maximum values for the DIMENSION 
parameter operand are '8 pixels wide and 12] q pixels high. This is the font 
size which is able to be loaded by the host processor. The spacing which is 
performed between characters within the rectangular window is defined by the 
SPACING operand parameters. Since the SPACING operand parameter is de- 
fined.in terms of X-spacing and Y-spacing, in order to get proper updating 
between character-; it is necessary to change the SPACING parameter in the 
case where SCAN is changed (See Figure 3-5) for the normal spacing values 
in text mode. 

Although the WINDOW parameter operand defines the rectangular region for 
text generation, It is possible to generate part of a character outside of this 
area. If the first pixel of any character to be generated is within the WINDOW 
region, the entire character will be generated. Therefore, it fs possible for up 
to (DIMENSION width - 1) pixels to be generated outside of the rectangular 
WINDOW region. 

The carriage return character (Code OD, , ) wtll ccuse an immediate return to 
the window boundary in the direction opposite to the primary update direction 
as well as an update in the secondary update direction as well as an update in 
the secondary update direction. The line feed character (Code OA]£ ) will 
cause only an immediate update in the secondary update direction. When the 
RM-FNT option is not installed, all characters in the ranges 00 through TF 1o 
end 60' ' through FF] are treated as legal characters in the^sense that a 
character is generated into refresh memory, however, the font which is used 
for these characters is indeterminate. When the RM-FNT -option is installed/ 
all characters (other than carriage return or line feed) in the ranges 00 through 
1F]6 and AO] through FF i ^ are generated in the same manner. 



PERTINENT CONTROL BITS 



IX Defines the address mode in which the parameter operands 

INDEX 1, INDEX 2, ORIGIN, WINDOW, BASELINE 
and START-POINT will be evaluated and converted to 
absolute refresh memory addresses . 
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AD 



Affects the generation of text. data in conjunction with the 
BK flag. Characters are generated using a font consisting 
of one's end zeros. The AD flag inhibits the writing of 
pixels within the character font in a manner specified by. 
Table 3-15 {See Section 3-10). 



BK 



Defines the selection of FOREGROUND and BACKGROUND 
colors based on the ones/zeros data bits within the character 
font and on the value of the AD flag (see above). If BK = 0, 
the FOREGROUND value is selected for 'ones' font data and 
the BACKGROUND value is selected for 'zeros' font data. 



RP 



Defines the byte-accessing order for ASCII characters with- 
in each 16-bit word. If RP= 0, the nhnrrjrfere will be ac- 
cessed high-byte first; if RP = 1, the low byte will be ac- 
cessed before the high byte. 



PERTINENT PARAMETER OPERANDS 



SUBCHANNEL 



Specifies the subchannels (i.e., bit planes in refresh memory) 
which are write-enabled and which will receive text data. 



FOREGROUND 



BACKGROUND 



INDEX 1 



INDEX 2 



Defines the foreground register color or intensify value to 
be written to refresh memory, in combination with the 
BACKGROUND operand and the AD and BK flags (See 
Table 3-3). 

Defines the background register color or Intensity value to 
be written to refresh memory, in combination with the 
FOREGROUND ooei-and and the AD and Bfy flags (See 
Table 3-3). 

Displaces the values to be used for INDEX 2, WINDOW, 
ORIGIN and START-POINT parameter operands set in the 
WT instruction when IX = 01. 

Displaces the values to be used for WINDOW and START- 
POINT parameter operands set in the WT instruction when 
IX = 10. 



WINDOW 



Defines the rectangular area into which text will be written. 
If the first pixel of any character is within this region, the 
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entire character will be drawn, even though part of the 
character may exceed the WINDOW boundaries. 



SCAN Defines the primary and secondary text update directions 

as well as the pixel coordinate when START-POINT is not 
explicitly defined in the WT instruction (See Figure 3-5). 

DIMENSION Defines the character font size independent of SCAN dir- 

ection or character orientation. 

SPACING Defines the character-to-character increments for the 

primary and secondary text updates. (See Figure 3-5) for 
legal SPACING values for the various text modes. 

SCALE Defines the received-pixel-to-displayed-pixel ratio when 

the RM-SCA option is installed (See Table 3-9). 

START-POINT Specifies the coordinates of the first pixel of the first text 

character- to be written into refresh memory. START-POINT 
must be contained within the current WINDOW region. 



DATA LENGTH WORD 

The DATA LENGTH WORD represents the number of ASCII characters which 
will be transmitted from the host processor to the RM-9000 with a WT instruc- 
tion on a one (1) byte per character basis. Since text data is byte-oriented, 
the DATA LENGTH WORD may take on any value from to 65535| Q . 

DATA FORMAT 

Data in text mode is interpreted on a byte basis, i.e., two (2) characters per 
word. The order that the bytes are referenced is determined by the RP flag. 
When the RM-FNT option is not installed, the legal character set consists of 
Codes 20-|£ through 5F]£ and OA] (line feed) and OD] (carriage return), 
When the RM-FNT option is installed, the legal character set consists of 
Codes 20^5 through 9F] 5 aswe!IasOAi andOD^. 
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3-39 Special-Format Standard Instructions 

Sections 3-40 through 3-45 define the formats and functions of the special-format 
instructions which are supported by the RM-9000 standard firmware package. . The 
instructions in this set are: 



LOAD 

READ 

LAM 

RAM 

RSET 

INIT 



Load Hard Register Instruction 
Read Soft Register Instruction 
Load Auxiliary Memory Instruction 
Read Auxiliary Memory Instruction 
Reset Instruction 
Initialize Instruction 



These instructions are standard in all RM-9000 systems, 
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Load Hard Register Instruction (LOAD) 



OPCODE (01) 



REGISTER ADDRESS 



REGISTER DATA 



15 14 13 I 12 11 10 9 [8 17(65 ■[ 4 |32 10 



The LOAD instruction is a special format instruction which is part of the RM- 
9000 standard firmware instruction set. The function of the LOAD instruction 
Is to move the sixteen (16) bits of data, stored in the second word of the in- 
struction, airecr'y into the RM-9000 Internal display regisrer whose address is 
specified in the low-order byte of the opcode word. This instruction allows the 
user to bypass the overhead in execution time necessary to perform various dis- 
play operations using the normal format instructions. The information v/hich is 
written into the specified RM-9000 display register is not retrievable by the 
user. In addition, the direct storage of data into a display register using LOAD 
may cause the normal format instructions to malfunction. Since the normal for- 
mat instruction software assumes that the state of all internal display registers 
can be modified only by a normal format instruction, the functioning of any 
normal format instruction after the execution of a LOAD can only be guaranteed 
if all normal format instruction parameters are reset within a normal format in- 
struction. The use of the LOAD instruction requires extensive knowledge of the 
operation of the internal display registers, and as such its use is not encouraged. 
The function of the various RM-9000 display registers is defined in Volume I of 
the RAMTEK 9000 SERIES THEORY OF OPERATION. 



PERTINENT OPERANDS 



REGISTER ADDRESS 



REGISTER DATA 



Defines the low-order 8 bits of the internal address of 
the desired display register. Table 3- defines the 
register address assignments. 

Defines the 16-bit value to be loaded into the display 
register defined by REGISTER ADDRESS. The format of 
the data word is specific and different for each register 
and may be found in VOLUME I of the RAMTEK 9000 
SERIES THEORY OF OPERATION. 
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POSSIBLE ERRORS 

if REGISTER ADDRESS is set to an undefined value (i.e., an address for which 
no display regisfer exists), the display produced will be indeterminate. No- 
register address error checking is performed. 



L . | 

r i 

L ! 



r 
L 



u 



3-69 



] 





mi 




Table 3-11 I/O Device Register Address Map (RM-9000 Series) 




HEX 

ADDRESS 


MNEMONIC 


DESCRIPTION 

1 




00 


SCMSKR 


Memory Plane Select Register 




02 


ROPTRG 


Interrupt Register 




04 


READR 


Readback Register 




06 


XORGR 


X Origin Register 




08 


YORGR 


Y Origin Register I 




0A 


NPRSRC 


DMA Source Register 




OC 


NPRDST 


DMA Destination Register 




OF 


UPDTR 


COP/V/rite Control Register 




10 


BGR 


Background Register 




12 


FGR 


Foreground Register 




14 


XCOPR 


Element COP Register 




16 


YCOPR 


Line COP Register 




18 


RASREG 


Raster Font Register 




1A 


ID 


Interface Data Register 




1C 


SYSS 


System/Interface Status Register 




IE 


WRDCNT 


DMA Word Count Register 




20 


DMAADR 


DMA Address Register 




23 


MOWTR 


Move and Write Register 




25 


MOVR 


Move (W. No Write) Register 
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Table 3-11 (Continued) 



HEX 

ADDRESS 



26 

23 

2A 

2C 

2E 

30 

32 

34 

36 

33 

3A 

3C 

3E 

40 

42 
44 
46 



MNEMONIC 



DESCRIPTION 



DPSW 



SPS1 
SPS2 
SPK11 

SPK12 

5PK13 
SPK14 



Dip Switch Register 



* Serial Peripherals Status Register (Board 1) 

* Serial Peripherals Status Register (Board 2) 

* Serial Peripherals Keyboard # 1 I/O Register 

(Board 1) 

* Serial Peripherals Keyboard ^2 I/O Register 

(Board 1) 

* Serial Peripherals Keyboard # 3 I/O Register 

(Board 1) 

* Serial Peripherals Keyboard # 4 I/O Register 

(Board 1) 
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Table 3-11 (Continued) 



HEX 

ADDRESS 



MNEMONIC 



DESCRIPTION 



48 



4A 



4C 



4E 



50 



52 



54 



56 



58 



5A 



5C 



5E 



SPCX11 * Serial Peripherals Cursor # 1 X-Position 

Register (Board 1) 

SPCY11 * Serial Peripherals Cursor # 1 Y-Position 

Register (Board 1) 

SPCX2 * Serial Peripherals Cursor # 2 X-Position 

Register (Board ]) 

SPCY2 * Serial Peripherals Cursor # 2 Y-Position 

Register (Board 1) 

SPK21 * Serial Peripherals Keyboard # 1 I/O Register 

(Board 2) 

SPK22 * Serial Peripherals Keyboard § 2 I/O Register 

(Board 2) 

SPK23 * Serial Peripherals Keyboard # 3 I/O Register 

(Board 2) 

SPK24 * Serial Peripherals Keyboard # 4 I/O Register 

(Board 2) 

SPCX21 * Serial Peripherals Cursor # 1 X-Position 

Register (Board 2) 

SPCY21 * Serial Peripherals Cursor # 1 Y-Position 

Register (Board 2) 

SPCX22 * Serial Peripherals Cursor # 2 X-Position 

Register (Board 2) 

SPCY22 * Serial Peripherals Cursor # 2 Y-Position 

Register (Board 2) 



3-72 






J 

i 

J 

r 

i 

'J 

J 
J 

3 
J 
J 

"] 
J 

J 



Table 3-11 (Continued) 



J 
J 
1 



HEX 
ADDRESS 



MNEMONIC 



60 


VLTADO 


62 


VLTDO 


64 


VLTAD1 


66 


VLTD1 


68 


VLTAD2 


6A 


VLTD2 


6C 


VLTAD3 


6E 


VLTD3 



DESCRIPTION 



* Lookup Table "0 Address Register 

* Lookup Table ,T Programmed Data Register 

* Lookup Table * 1 Address Register 

* Lookup Table ,T 1 Programmed Data Register 

* Lookup Table ! ^2 Address Register 

* Lookup Table n 2 Programmed Data Register 

* Lookup Table T 3 Address Register 

* Lookup Table "3 Programmed Dcta Register 



May not exist, depending on system 
configuration . 
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3-41 Reed Soft- Register Instruction (READ) 



OPCODE (02) 



REGISTER ADDRESS 



j 



J 

'J 

3 
J 

1 
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The READ instruction is a special format instruction which is contained in the 
'standard RM-9000 firmware package. The function of READ is to return the 
current value of one of seven (7) internal registers used by the normal-format 
instruction firmware package. These register values reflect the state of the 
actual hardware registers as loaded and updated by the firmware. These values 
ars not affected when the associated hardware display register is loaded via the 
LOAD instruction. The data format of the readback value is identical to that 
of the associated hardware register, and may be found in VOLUME I of the 
RAMTEK 9000 SERIES THEORY OF OPERATION manual. 

Following the output of the READ instruction, the user (i.e., host computer) 
must read back exactly one (1) 16-bit word from the computer interface; output 
of succeeding instructions may then proceed. If no read beck is done and an 
attempt is made to output instructions, the RM-9000 interface and display system 
will hang and can only be restored with a hard system reset. Therefore, it is nec- 
essary to maintain synchrony with the RM-9000 in terms of the direction of data 
transfers. 



PERTINENT OPERANDS 



REGISTER ADDRESS 



Defines the low-order byte of the internal display regis- 
ter address to be read back. Table 3-12 defines the 
valid register addresses which may be accessed. 



POSSIBLE ERRORS 

If the REGISTER ADDRESS specified in the low-order byte of the opcode word 
is a value not defined in Table 3-12, the read-back value will be meaningless. 

If the host processor does not attempt to read back a word from the RM-9000, 
the system will hang and can only be restored by a hard system reset. 
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Table 3-12 Reed Soft Register Addresses 



REGISTER ADDRESS 


REGISTER 


00 (HEX) 


SUBCHANNEL MASK 


02 


X (ELEMENT) COP 


04 


Y (LINE) COP 


06 


X (ELEMENT) ORIGIN 


03 


Y (LINE) ORIGIN 


12 


FOREGROUND 


14 


BACKGROUND 



r 



L ! 



r 

l 

G 
n 



3-75 



\ 



3-42 Load Auxiliary Memory Instruction (LAM) 



OPCODE (03) 



DEVICE 



ADDRESS 



LENGTH 



DATA 




15 | 14 | 13 | 12 | 11 | 10 



The LAM instruction is a special-format instruction which is included in the 
RM-9000 standard firmware package. The function of the LAM instruction is 
to transfer data to auxiliary memory devices within the RM-9000 system other 
than refresh memory or internal 8080 memory from the host processor. In the 
current RM-9000 series implementation, the LAM instruction is used to write 
data to the video lookup tables on the Type II video boards if one of these 
devices exists within a given system. A description of the data format for the \^ 
Type II video board is found in Appendix A. The value of DEVICE may range 
from to 3. 



PERTINENT OPERANDS 



DEVICE 



Defines the auxiliary memory device to which the data will be 
written . 



ADDRESS Specifies a 16-bit address within the auxiliary memory device 

specified by DEVICE. This address is device-dependent, and 
in the case of the Type II video cards, it represents the starting 
video look-up table address at which data will be written. 
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Table 3-13 Video Look-Up Table Addressing 



DEVICE LOOK-UP TABLE DEFINITION 



Type II Video Look-up Table (with internal 
addresses 60] 5 and 62]£ ) 



Type II Video Look-up Table 1 (with internal 
addresses 64 i* and 66] £ ) 



Type II Video Look-up Table 2 (with internal 
cddresses 68 j£ and 6A]£ ) 



Type II Video Look-up Table 2 (with internal 
addresses 6C]& and 6Ej£ ) 



} 



LENGTH Defines the number of bytes of data to be written to the aux- 

iliary memory device. 



DATA FORMAT 

The format of the data associated with a LAM instruction is device dependent. 
Appendix A defines the format for the Type II video board. 
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3-43 Read Auxiliary Memory Instruction (RAM) 



OPCODE (04) 




DEVICE 


■ 




ADDRESS 


j 




LENGTH 



15 14 13 12 11 I 10 I 9 I 8 I 7 6 5 4 3 2 11 



The RAM instruction is a special-format instruction which is included in the 
RM-9000 standard firmware pcckage. The funclicr. or the RAM instruction is 
to transfer data from an auxiliary memory device within the RM-9000 system to 
the host processor. In the current RM-9000 series implementation, the RAM in- 
struction is used to read the contents of the video look-up tables on the Type II 
video board if one of these devices exists within a given system. A description 
of the data format to be read back by the host processor is found in Appendix A. 
The value of DEVICE may range from through 3. 

Following the output of the LENGTH word, it is necessary to change the sense 
of the computer interface board from a write mode to read mode. The number 
of bytes as specified by LENGTH must then be read back into the host computer. 
If this is not done, the handshaking sequence between the RM-9000 and the 
host processor will lose synchronization and it will be necessary to perform a 
hard system reset to restore communications. 



j 
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PERTINENT OPERANDS 



DEVICE 



ADDRESS 



LENGTH 



Defines the auxilicry memory device from which the data will 
be read back. (See Table 3-13) 

Specifies a 16-bit address within the auxiliary memory device 
specified by DEVICE. This address is device-dependent, and 
in the case of the Type II video cards, it represents the star- 
ting video look-up table address from which data will be 
read back. 

Defines the number of bytes of data to be read back from the 
auxiliary memory device. This value must be an even number 
since data is transferred across the interface on a 1 6— bit basis. 
If LENGTH is an odd number, the value used will be LENGTH- 
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DATA FORMAT 



The format of the data associated with a RAM instruction is device dependent. 
Appendix A defines the format for the Type If video board. 



POSSIBLE ERRORS 

If the host processor does not read back the number of bytes defined in LENGTH, 
the system will hang and can only be restored by a hard system reset. 

If the value in LENGTH is odd, the value used as a count will be LENGTH minus 
one (1) and an I/O direction conflict may arise (See above). 
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3-44 Reset Instruction (RSET) 



3 

1 

2 

1 



OPCODE (05) 

i 





15 |14 I 13 | 12 111 | 10 9 | 8 



6 5 4 



2 10 



The RSET instruction is a special-format instruction which is included in the 
RM-9000 standard firmware package. This instruction checksums alf PROM- 
resident memory, clears all interrupt lines from the processor to the interface 
board, clears the RM-STA status management option stack, clears the RA/i-PER 
interactive peripherals option keyboard input buffers and resets the UART de- 
vices on the RM-?000 serial link board, sets ail cursor* lo invisible at screen 
location (0,0), copies the standard ASCII character fonts (hex character Codes 
20-5F), and sets all normal-format instruction parameter operands to their de- 
fault values (See Table 3-14 for these values).' If DIP SWITCH 3 is set to fl 
(dawn on the '+' side of the switch), the entire refresh memory will be set to 
the BACKGROUND parameter operand default value, i.e., a value of 0; other- 
wise, no refresh memory erasing is performed. The RM-9000 system is then 
ready to accept the next instruction. If the toggle switch mounted on the side 
of the control board is In the DIAG position and a RSET instruction is received, 
the RM-DOC diagnostic tester firmware take* control (See Figure 3-7). 



PERTINENT OPERANDS 



None 



POSSIBLE ERROR CONDITIONS 



None 
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Table 3-14 Operand Parcmeter Default Values 



OPERAND PARAMETER 



SUBCHANNEL 
FOREGROUND 
BACKGROUND 
INDEX 1 

uin rv —, 
IINU LA JL 

ORIGIN 
WINDOW 

SCAN 

DIMENSION 

SPACING 

SCALE 
FUNCTION 

CONIC-EQUATION 

BASELINE 
SCROLLCOUNT 
START POINT 



DEFAULT VALUE 



0000 
0,0 
0,0 

X OR' Y OR 

0,0, X RES/ Yres 


7, 9 

7, 9 




6 0,0 
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DESCRIPTION 



Write- Enable all subchannels 

l's Data to all subchannels 

's Data to all subchannels 

INDEX 1 X = 0, Y = 

iNDE* 2 X = 0, Y = 

ORIGIN X and Y values 
defined on a system-resolution 
basis 

Set WINDOW boundaries to 
full-screen size based on the 
system resolution 

Left-to-right/ top-to-bottom 

7 Elements wide, 9 lines high 
character font 

7 Elements wide, 9 lines high 
spacing between characters or 
plot entities 



N 



o seal ing 



No logical/arithmetic proces- 
sing 

Conic parameters A, B, C f D f 
£ f K=0 

Line plotting 
No Scroll 
XCOP=j3, YCOP=j3 
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Table 3-15 (Continued 



i SYSTEM 


j X OR 


V R 


xres 


1 yres 


9100 


136 16 


^FF ]6 


13F ]6 


^FF 16 


9200 


2 * C 16 


0^)6 


27F 16 


0rF ]6 


9300 


26C 16 


1FET6 


27F 16 


1FF 16 
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DIP SWITCH 
(SLOTT1 ) 

CamDonenf Side 
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1 



NORMAL 



DIAG 



8080mP 



Figure 3-7 RM-9000 Control Board 
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initialize Instruction (INIT) 



OPCODE (06) 





5 I 14 13 | 12 I 11 10 9 8 7 6 5 



4 I 3 2 



The INIT instruction is a special-format instruction which is included in the 
RM-9C00 standard firmware. The INIT instruction resets the normal-format in- 
struction operand parameters to their default values (See Table 3-14). It is 
equivalent to issuing a SET instruction (See 3-42) with all parameter operand 
default vcl'j2s present in the instruction itself. The status management stack is 
not affected, thus, any previous PUSHE operations will still be available using 
the POPE instruction (See Sections 3-57 and 3-58). 



PERTINENT OPERANDS 



None 



POSSIBLE ERROR CONDITIONS 



None 
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3-46 OPTIONS FIRMV/ARE INSTRUCTION 

The options firmware instruction set provides the user with additional display and 
display support functions. Many of the functions, such as the drawing of vectors 
or conies, could be performed by the host processor; however, these operations 
would be prohibitive in terms of host processor software overhead. By using the 
firmware options instructions, it is possible to distribute the display generation 
process more evenly between the host processor and the display system. 

J All of the firmware supporting the firmware options instruction set is resident on 

} the RM-MOC memory expansion card in the form of PROM. In order to enable 

J any of the firmware options, it is necessary that Switch 2 of the DIP SWITCH 

REGISTER on the control beard is set to the 'on' position, i.e., up on the '+' 
side of the switch; (See Figure 3-/). it is possible to disable all options' instruc- 
tion processing by setting Switch 2 of the DIP SWITCH REGISTER to the 'OFF' • 
position. No removal of the RM-MOC card is necessary. If, however, Switch 
2 is set to the 'ON' position, it is necessary that the RM-MOC card as well 
as the RM-STD standard option support PROM be present in the system. If the 
RM-STD firmware is not present on the RM-MOC in the proper slot, the system 
will never leave self-test and will be hung until this condition is corrected and 
a hard system is issued. 

The purpose of the RM-STD firmware is to provide a common interface between 
the RM-9000 standard and optional instruction set. The RM-STD firmware 
determines by inspection which options package(s) are actually installed in any 
given system. A section of this firmware is called during the firmware reset 
sequence to call any existing option power-on/reset routine to initialize all 
internal parameters. The RM-STD firmware allows the modularity of the various 
options' firmware packages. This package resides within the internal 8080 
processor's address space at locations 0800^ through OBFFj^ . 
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3-4/ RM-GRA Graphics Option Instructions 

The RM-GRA graphics option firmware implements the following instructions: 

© WRITE VECTOR generating linked end-point vectors 

S WRITE PLOT generating linked plots and filled bar plots with 
a fixed plot axis 

O WRITE RASTER generating display data directly to refresh 
memory on a bit-per-pixe! basis. 

The RM-GRA option resides within the Internal 8080 processor's address space 
ct locations 28C0, / through 2BFFw , The PM-GR.A graphics option is n pre- 
requisite for the RjM-CON option (See Section 3-51). 
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parameters. The length value defines the positive number of bytes of vector 
endpoint information to be used by this instruction; therefore, length must be 
four (4) times the number of vectors to be drawn. 



PERTINENT CONTROL BITS 

IX Defines the address mode in which the INDEX 1, INDEX 2, 

and START-POINT parameter operands (i.e., those oper- 
ands directly affecting the absolute position of any vectors 
drawn) are evaluated (See Section 3-1 1). 

BK ■ Causes the vector(s) to be drawn in the BACKGROUND 

color cr intensity, rather than the FOREGROUND color or 
intensity (when BK = $) , 



PERTINENT ARGUMENTS 

SUBCHANNELS Defines which combination of memory planes will actually 
receive vector color or intensity data. The vclue actually 
written to refresh memory is the logical 'and' of SUBCHAN- 
NELS with foreground or background dependent on the state 
of BK . 

FOREGROUND Defines the vector color or intensity in conjunction with 

SUBCHANNELS when BK = J0 . 

BACKGROUND Defines the vector color or intensity in conjunction with 

SUBCHANNELS with BK = 1 . 

INDEX 1 displaces all VVV coordinate pairs as well as the 
INDEX 2 and START-POINT operands (when set in the same 
WV instruction) when IX = 01. 



e 



INDEX 2 displaces all WV coordinate pairs as well as th 

START-POINT operand (when set in the same VVV instruc- [" 

tion) when IX = 10. L 

START-POINT Defines the starting coordinate for the first vector to be f~ 

drawn. If not specified, the starting coordinate used is [j 
the COP resulting from the previous display instruction. 
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The format of the vector end-point' value is as follows: Each successive pair of 
16-bit words defines the X and Y coordinate for fhe next vector endpofnf. The 
first 16-bit word contains the X-vaiue, and the second 16-bit word contcins 
the Y-vclue. The interpretation of this coordinate is defined by the value of IX 
in the opcode word (See Section 3-11 for the possible addressing modes). 



POSSIBLE ERROR CONDITIONS 

The follov/ing conditions are invalid and undefined, and wi 
predictable display if attempted for the WV instruction: 



result 



n an un- 



© !f any of the specified endpoints exceeds the screen resolution, 
the generated vector(s) will be indeterminate. 



COP MOVEMENT 



After the successful execution of this instruction, the COP 



wi 



se at point 



(X , Y n ) where N is the number of endpoints specified by the WV instruction. 
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3-49 Write Plot Instruction (WP) 



OPCODE (10) 



IX 



AD BIC RP 



OF DF 



PARAMETER OPERAND FLAG WORD 



PARAMETER OPERANDS 




DATA LENGTH WORD 



DATA 




14 



12 1 



7 I 6 



The WP instruction is a normal format instruction which is part of the RM-GRA 
grcphics firmware option. The WP instruction will automatically update one (1) 
COP while receiving the other. This can reduce data transfers significantly. 
The WP instruction generates one (1) plot segment for each 16-bit word of data 
present in the WP instruction using a raster-data technique. The orientation of 
the plot segment (i.e., differentiating between X-axis plots and Y-axis plots) 
is defined by SCAN. A plot segment's height (i.e., dimension perpendicular 
to the plot axis as defined by SCAN) is determined by the current-operating 
point and a 16-bit data word from the instruction , if BASELINE is zero (i.e., 
line plot mode), then initially the COP is either set to the START-POINT value 
if specified in the WP instruction or retains the COP value from the previous 
instruction. If BASELINE is non-zero, then initially the plot-axis COP coordi- 
nate is set to the BASELINE value. For example, if SCAN is zero (i.e., Y-axis 
plot), then the line COP will be set to the BASELINE value. The width of a 
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olof segment' (i.e., dimension parallel to the plot axis cs defined by 
defined by the DIMENSION parameter operand pare I f el to the plot axis 
each plot segment is drawn, the COP coordinate pcrallel to the plot axis is up 
dated by the SPACING pcrcmeter operand parallel to the plot axis. If BASE- 
LINE is zero, the COP coordinate perpendicular to the plot cxis is unchanged 
(i.e., plot segments in linked mode will overlap by one (1) pixel in this axis). 
If BASELINE is non-zero, the COP coordinate perpendicular to the plot axis is 
set to BASELINE Gfter each plot segment is drawn. 

The color or intensity of the plot segments is defined by either FOREGROUND 
(when BK = 0) or by BACKGROUND (when BK = 1) and is masked by the 
write-encbie parameter operand SUBCHANNEL. The V/ RITE PLOT instruction 
is not affected by the WINDOW parameter operends.' 

PERTINENT CONTROL BITS 



IX 



_.] 



1 
1 

1 



3K 



Defines the eddress mode In which the INDEX 1, INDEX 2, 
BASELINE and START-POINT parameter operends (i.e., 
those operands directly affecting the cbsolute position of the 
plot axis or the plot dcta) are evaluated (See Section 3-11). 

Defines the color or intensity used for the plot segments 
drawn. If BK = 0, the FOREGROUND value will be 
used; if BK = I , the BACKGROUND vclue wi 1 1 be used. 



PERTINENT PARAMETER OPERANDS 

SUBCHANNEL Specifies the subchannels (i.e., refresh memory bi t planes) 

which are write-enableti ond which will receive plot dcta. 

FOREGROUND Defines the color or intensity value for ail plot segments 

when BK = 0. 



-J 



BACKGROUND Defines the color or intensity value for all plot segments 

when BK = 1 . 



INDEX 



Displaces all Wp data values as well as INDEX 2, BASE- 
LINE and START-POINT operands (when set in the same WP 
instruction) when IX = 01 . 
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INDEX 2 



SCAN 



DIMENSION 



SPACING 



BASELINE 



START-POINT 



Displaces all WP data values as well as BASELINE and START- 
POINT operands (when set in the seme V/P insfruction) when 

IX = io'. 

Defines the plot orientation. If SCAN = 0/ the plot axis 
will be the Y-axis (i.e., horizontal plot); if SCAN = A, 
the plot axis will be the X-axis (i.e., vertical plot). 

Defines the size of a plot segment parallel to the plot axis. 
If SCAN = 0, DIMENSION width is used; if SCAN = 4, 
DIMENSION height is used. 



Defines the distance between starting COP for successive plot 
segments, along the plot axis, ir iC iK ! 
used; if SCAN = 4, Y-spacing is used. 



segments along the plot axis, if SC^N - 0, /-spacing is 



Defines the fixed-line plot axis if BAScLJNE is non-zero. If 
SCAN = 0, BASELINE represents the Y-coordinate of the 
plot axis; if SCAN = 4, BASELINE represents the X-coordi- 
nate of the plot axis. 

Defines the initial COP for the first plot segment if BASELINE 
= 0; if BASELINE is non-zero, START-POINT defines the 
starting coordinate of the first plot segment along the plot axis. 



D ATA L E NGTH WORD 

The DATA LENGTH WORD represents the number of bytes of plot data to be trans- 
mitted from the host processor to the RM-9000. Since each plot segment is rep- 
resented by a single 16-bit word, the DATA LENGTH WORD should always reflect 
en even number of bytes. If the DATA LENGTH WORD is odd, the byte count 
used will be one less than the cctual DATA LENGTH WORD received. 



DATA FORMAT 

Data in plot mode is interpreted on a word-per-plof segment basis. Each word 
represents the coordinate of a plot segment (as evaluated in light of the IX value) 
perpendicular to the plot axis. 



C 
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COP MOVEMENT 

After execution of the VVP instruction the new COP reflects the sfcrting coordinate 
of the next plot segment if one (1) additional data word has been specified in the 
WP instruction. 
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3-50 Write Raster Instruction (WR) 



OPCODE (12) 



AD BK RP 



DF DF 



PARAMETER OPERAND FLAG WORD 



PARAMETER OPERANDS 




i 



DATA LENGTH WORD 



DATA 




15 



12 



1110 9 



The V/R instruction is a normal format instruction included in the RM-GRA graphics 
oofion firmwcre. The WR instruction interprets data from the host processor a-nd 
writes either the FOREGROUND or BACKGROUND vaiue into refresh memory as 
a function of the incoming data bytes (on a bit-per-pixel basis) and the AD and 
3K fleas. The WR Instruction operates in a manner analogous to the WT instruc- 
tion except that the data for the character generation is obtained from RM-9000 
internal memory, whereas, the WR data is obtained directly from the host proces- 
sor. 

When a byte of data is received from the host processor by :he RM-9000, each of 
the eight (8) bits represents a pixel in refresh memory. The value which is actually 
written to refresh memory is defined by Table 3-15. Within each byte of data, the 
bits are evaluated from high to low order. 



3-93 



L I 



r 



% 






r 



Table 3-15 Additive (AD), Background (BK) & Data Bit Relation 



AD 



BK 



B 


F j X 


f| 


F 


B X 


B 



F - Write Foreground Value 
B - Write Background Value 
X - No Write 



~i 



The WR instruction operates v/ithin the rectangular region u'efined by me WINDOW 
pcrameter operands. The SCAN parameter defines the primary (pixel-to-pixel) up- 
date direction and the secondary (window boundcry intersection) update direction 
in a manner identical to that of image mode (See Table 3-6). In the case of a 
zero data bit combined with AD = 1 (i.e., the 'no write 1 condition), pixe I — to— 
pixel is still performed even though no writing into refresh memory is performed. 
When the window boundary is intersected, any bits remaining in the data byte 
current at the intersection are discarded; therefore, after any secondary update, 
the first pixel value written is defined by the high-order bit of the next data byte. 

When the RM-SCA scaling option firmware is installed and a scalfng-down oper- 
ation is specified by the SCALE pcrameter operand in either dimension, Bits 7, 5, 
3 end 1 are used for a ratio of 1:2 and Bits 7 and 3 are used for a ratio of 1:4. 



PERTINENT CONTROL BITS 



IX 



Defines the address mode in -which the INDEX 1, INDEX 2, 
WINDOW and START-POINT parameter operands set in the 
WR instruction will be evaluated. 



AD 



Affects the generation of raster data in conjunction with the 
BF flag. Input data is inhibited in the manner specified by 
Table 3-15. 



BK 



Defines the selection of FOREGROUND and BACKGROUND 
colors based on the one's/zeros data bits within the raster 
byte and on the value of the AD flag (See Table 3-15). if 
BK = 0, the FOREGROUND is selected for 'ones' raster 
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data and the BACKGROUND value is selected for 'zeros' 

raster data (assuming AD = 0). If BK = 1 , the FOREGROUND 

and BACKGROUND selection is reversed. 



i i 



RP Defines the byte-accessing order for each 16-bit word of raster 

data from the host processor. If RP = 0, the high-byte of the 
data word is processed before the low-byte; if RP = l r the low- 
byte is processed first. 

PERTINENT PARAMETER OPERANDS 

SUBCHANNEL Specifies the subchannels (i.e., refresh memory bit planes) 

which are write-enabied and which will receive raster data . 



FOREGROUND Defines the f 



<-u Cut u ^ 



.J cc l or 



;oji iv value ' o 



wr 



to refresh memory when selected by the rcster data bit value 
and the AD and BK flags (See Table 3-15). 



BACKGROUND 



INDEX I 



Defines the background color or intensity value to be written 
to refresh memory when selected by the raster data bit value 
and the AD and BK flags (See Table 3-15), 

Displaces the values to be used for INDEX 2, WINDOW and 
START-POINT parameter opercnds set in the WR instruction 
when IX = 01, 



INDEX 2 



Displaces the values to be used for WINDOW and START- 
POINT parameter operands set in the WR instruction when 
IX = 10. 



WINDOW 



Defines the rectcngulcr region into which the raster data wil 
be written. No raster data will be written outside of the 
boundaries defined by this parameter operand. 



SCAN 



Defines the primary and secondary raster update directions as 
well as START-POINT when START-POINT is not specified in 
the WR instruction (See Table 3-6). 



SCALE 



START-POINT 



Defines the received-bit-to-displayed-pixel ratio for raster 
data when the RM-SCA option is installed (See Section 3-24, 
Table 3-9). 

Specifies the coordinates of the first pixel to be written with 
raster data START-POINT must be contained within the current 
WINDOW reaion. 



n 
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j DATA LENGTH WORD 

The DATA LENGTH WORD represents the number of bytes of raster data to be trans- 
1 mifted from the host processor to the RM-9000 display system. Since raster data is 

byte oriented, the DATA LENGTH WORD may take on any value from through 
65535 iq . 

I 

DATA FORMAT 

j 

Data in raster mode is interpreted on a byte basis, (i.e., fv/o (2) bytes per data 
i word transferred across the RM-9000 interface). The order that the bytes are 

| referenced is determined by the RP flag. When RP = 0, the high byte will be 

used first; when RP "- ], the lew byte will be used First. Within a defa byte, the 
, high order Bit 7 is used first, while Bit will be referenced last. If a WINDOW 

] boundary is encountered before all bits of a raster data byte are used, the remain- 

ing bits of that byte will be discarded. 
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3-51 RM-CON Conies Option Instruction 

The RM-CON conies option firmware implements the WRITE CONIC (WC) in- 
struction for generation of parabolas, hyperbolas, ellipses, and circles. The 
generalized conic equation used in this implementation is 

2 2 

Ax + By + Cxy + Dx + Ey = 0, 



The RM-GRA graphics option firmware is a prerequisite for installation of the 
RM-CON conies option firmware package. The RM-CON firmware resides 
within the internal 8080 processor's address space at locations 2C00 J6 through 
33FF, 



16 * 



!■ 



I 



n 



in 

;.|i 






fin 



3-97 



I 

T 

J 

J 

J 






yflt@l 



3-52 WRITE CONIC Instruction (V/C) 



OPCODE (OF) 



IX 



AD 



BK RP 



OF 



DF 



PARAMETER OPERAND FLAG WORD 



PARAMETER OPERANDS 



DATA LENGTH WORD 



CONIC END-POINT 



15 


14 


13 


12 


11 


10 


9 


8 1 7 


6 


5 


4 1 3 


2 


1 






The WC instruction is a normal-format instruction which is part of the RM-CON 
conies firmware option. The WC instruction draws circles, parabolas, ellipses 
and hyperbolas or sections thereof, besed on the CONIC-EQUATION pcrameter 
The generalized conic equation used is 



operands 



Ax 



By + Cxy + Dx + Ey = 



where A, B, C, D and E represent the first 5 CONIC-EQUATION parameter 
operands. The last CONIC-EQUATION parameter operand K represents the total 
number of pixels to be generated by the WC instruction for the conic specified. 



A default value of 1280 .. is used for K. 
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The- START-POINT parameter operand is used by the WC instruction to define ■ 
the Cartesian origin of the conic or conic section to be drawn. All conies drawn 
will pass through the Cartesian origin defined by START-POINT. If a conic end- 
point is specified, the absolute coordinates of this pixel are compared to the coordi' 
nates of each pixel in the conic as it is being generated. If a pixel in the conic 
being drawn has the same coordinates as specified by the end-point, the conic will 
be terminated at that point. 

The WC instruction is not affected by the WINDOW parameter operand. 

Appendix B describes in detail the. use of the WC instruction for generation of 
circles, ellipses, parabolas and hyperbolas. 



PERTINENT CONTROL BITS 



(X 



defines the address mode in which the INDEX 1, 
INDEX 2 and START-POINT parameter operands set 
in the WC instruction are evaluated. Also, if a conic 
end-point is specified as data in the WC instruction, IX 
effects the address in which this coordinate will be 
evaluated. 



BK 



defines the selection of FOREGROUND or BACKGROUND 
value for the color or intensity value of the conic being 
drawn. If BK = 0, the conic will be generated with the 
FOREGROUND value. Otherwise, the BACKGROUND 
value will be used when BK = 1 . 



PERTINENT PARAMETER OPERANDS 



SUBCHANNEL 



specifies the subchannels (i.e., refresh memory bit 
olanes) which are wri re-enabled to receive conic data, 



FOREGROUND 



defines the color or intensity value of the conic when 
BK = 0. 



BACKGROUND 



INDEX 1 



defines the color or intensity value of the conid when 
BK = 1. 

displaces the values to be used for the INDEX 2 and 
START-POINT parameter operands, as well as the conic 
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end-point if any of these are set in the WC instruction 
and if IX = 01. 



INDEX 2 displaces the values to be used for the START-POINT 

parameter operand, as well as the conic end-point if 
any of these are set in the WC instruction and if IX = 10. 

CONIC-EQUATION specifies the ccnic-defining coefficients A, B, C, D and 

E and the number of pixels to be drawn in the conic, K. 

START-POINT defines the origin of the conic to be generated. 

START-POINT is evaluated in the address mode defined 
by IX. 



DATA LENGTH WORD 

The DATA LENGTH WORD defines the total number of bytes contained in the WC 
following the DATA LENGTH WORD. Since only one conic can be generated per 
V/C instruction, it is suggested that the DATA LENGTH WORD (if present due to 
DP = 1 ) always takes on a value of four (4), indicating that a single conic end- 
pcint is present in the V/C instruction data stream. If more the four (4) bytes are 
indicated by the DATA LENGTH WORD, all additional bytes will be ignored. 
Since coordinates are composed of full-words, it is necessary that the DATA 
LENGTH Y/CRD always reflects an even number of bytes. 



DATA FORMAT 

The first 16-bit word pair is interpreted as the conic end-point. All remaining 
d-;a is discarded. The first 16-bif word is the element coordinate of the conic 
end-point. The second is the line coordinate. The coni c end-point coordinate is 
interpreted in the address mode defined by IX. 



POSSIBLE ERROR CONDITIONS 



It is possible to generate a conic equation from the coefficients A, B, C, D and 
E which will not be drawn accurately. The conditions for this case are defined in 
Appendix B. 
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COP MOVEMENT 

The current operating point after execution of the WC instruction is the coordin- 
ate of the lest pixe! of the conic generated. 
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3-53 RM-SCR Scroll Option Instructions 

The RM-SCR scroll option firmware implements the SCROLL X and the SCROLL Y 
norma I -format instructions. This package allows the scrolling (or moving) of sub- 
channel-selectable image data within any rectangular region of refresh memory. 
This operation can be performed in either the X or the Y axis; 



The RM-SCR option resides within the interna! 8080 processor's address space at 
locations 1400., through 17FF 



16* 



3-102 



3-54 SCROLL X Instruction (SCRX) 



OPCODE (11) 



IX 



AD BK RP 



OF DF 



PARAMETER OPERAND FLAG WORD 



PARAMETER OPERANDS 





! i 



15 i [4 13 



n Mo 9 



The SCRX instruction is c normal -format instruction which is parr of the RM-SCR 
scroll firmware option. The SCRX performs a scroll of image data within the 
rectangular region defined by the WINDOW parameter operand along the X-axis. 
The sign of the SCROLL-COUNT parameter operand defines the direction of 
scroll within the WINDOW region along the X-axis, If SCROLL-COUNT is 
positive, scrolling will be to the right, i.e., towards increasing element coor- 
dinate values; if SCROLL-COUNT is negative, scrolling will be to the left, 
i.e., towards decreasing element coordinate values. The absolute value of 
SCROLL-COUNT defines the number of elements which the image dafa within 
WINDOW region will be moved. A SCROLL-COUNT of zero will result in no 
scrolling operation. Only those refresh memory planes selected by the SUB- 
CHANNELS will be scrolled. 



L 



L. 
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Data which is scrolled cut of the window is discarded. If BK=0, the dcra which 
is scrolled into the WINDOW region is taken from the BACKGROUND care- 
meter operand; if 8K=1, the fill data is taken from the FOREGROUND para- 
meter operand. If the absolute value of SCROLL-COUNT is greater then the 
WINDOW width, the result will be erasure of the WINDOW region to either 
the FOREGROUND or BACKGROUND value dependent on the value of 3K. 



PERTINENT CONTROL BITS 



IX Defines the address mode in which the INDEX! , 1NDEX2 

and WINDOW parameter operands are evaluated. 

the sub-region of the WINDOW region from which data 
is scrolled. If SK=0, the BACKGROUND value is used; 
otherwise/ if BK=1 , the FOREGROUND value is used. 

AD Allows the user to inhibit filling of the WINDOW region 

from which image data has been scrolled. If AD=1, this 
erasure will not be performed; otherwise, the erasure 
will take place if AD=0, 



PERTINENT PARAMETER OPERANDS 

SUBCHANNELS Defines the refresh memory planes which will be 

scrolled and which will receive fill data (when AD=0). 

FOREGROUND Defines the color or intensity value to be used as fill 

data when BK=1 and AD=0. 

BACKGROUND Defines the color or intensity value to be used as fill 

data when BK=0 and AD=0. 

INDEX! Displaces the values to be used for the INDEX2 and 

WINDOW parameter operands when |X=01 . 

INDEX2 Displaces the values to be used for the WINDOW para- 

meter operand when 1X=10. 
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WINDOW 



SCROLL-COUNT 



Defines fhe rectangular region inside of which image data 
will be horizontally scrolled. 

Defines fhe number of elements to scroll imGge data with- 
in the rectangular WINDOW region. SCROLL-COUNT is 
defined as a 2's complement number whose absolute value 
is used as the number of scrolling elements. If SCROLL- 
COUNT is positive, scrolling 'is to the right, and If 
SCROLL-COUNT is negative, scrolling is to the left. 
A SCROLL-COUNT of results in no scrolling operation. 



DATA LENGTH V/ORD 

The DATA LENGTH WORD defines the number of bytes of data present in the 
SCRX instruction stream when DF=1 . 



DATA FORMAT 



All data present in the SCRX instruction is discarded. 



COP MOVEMENT 



'he COP will remain unchanged curing the execution of the SCRX instruction, 
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3-55 SCROLL Y Instruction (SCRY) 



OPCODE (12) 



IX IAD BK 



RP 



OF 



DF 



PARAMETER OPERAND FLAG WORD 



PARAMETER OPERANDS 



DATA LENGTH WORD 



DATA 




15 14 



12 



10 



The SCRY instruction is a norma! -format instruction which is pert of the RM-SCR 
scroll firmware option. The SCRY performs a scroll of image data within the 
rectangular region defined by the WINDOW parameter operand along the Y-axis. 
The sign of the SCROLL-COUNT parameter operand defines the direction of 
scroll within the WINDOW region along the Y-axis. If SCROLL-COUNT is 
positive, scrolling will be towards the bottom of the screen, i.e., towards 
increasing line coordinate values. If SCROLL-COUNT is negative, scrolling 
will be towards the top of the screen, i.e., toward decreasing line coordinate 
values. The absolute value of SCROLL-COUNT defines the number of lines 
which the image data within WINDOW region will be moved. A SCROLL-COUNT 
of zero will result in no scrolling operation. Only those refresh memory planes 
selected by the SUBCHANNELS will be scrolled. 
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Data which is scrolled our of the window is discarded. If BK-0, fhe data 
which is scrolled info the WINDOW region is taken from the BACKGROUND 
parameter operand, if BK=1 , fhe fill data is taken from the FOREGROUND para- 
merer operand. If the absolute value of SCROLL-COUNT is greater than the 
WINDOW width, fhe result will be erasure of fhe WINDOW region fo either 
the FOREGROUND or BACKGROUND value dependent on fhe value of BK. 



PERTINENT CONTROL BITS 

IX Defines the address mode in which the INDEX!, INDEX2 

and WINDOW parameter operands are evaluated. 

BK Defines fhe color or Intensify' value ro be used ,'o fill fhe 

sub-region of fhe WINDOW region from which data is 
scrolled. If BK=0, fhe BACKGROUND value is used. 
Otherwise, ifBK=l, fhe FOREGROUND value is used. 

AD Allows the user fo inhibit filling of fhe WINDOW region 

from which image data has been scrolled. If AD=1, this 
erasure will not be performed. Otherwise, the erasure 
will take olace if AD=0. 



PERTINENT PARAMETER OPERANDS 

SUBCHANNELS Defines fhe refresh memory but planes which will be 

scrolled and which will receive fill dafa (when A 0=0). 

FOREGROUND Defines the color or infensify value fo be used as fill 

ccra when 6,<=! and AD=0. 

BACKGROUND Defines fhe color or infensify value fo be used as fill 

dafa when BK=0 and AD=0. 

iNDEXl Displaces fhe values to be used for the INDEX2 and 

WINDOW parameter operands when IX=01 . 

1NDEX2 Displaces the values fo be used for fhe WINDOW para- 

meter operand when 1X=10. 

WINDOW Defines fhe rectangular region inside of which Image data 

will be vertically scrolled. 
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SCROLL-COUNT 



Defines the number of lines to scroll image data within the 
rectangular WINDOW region. SCROLL-COUNT is defined 
as a 2's complement number whose absolute value is used 
as the number of scrolling lines. If SCROLL-COUNT is • 
positive,, scrolling is to the bottom of the screen, and 
if SCROLL-COUNT is negative, scrolling is to the top 
of the screen. A SCROLL-COUNT of results in no 
scrol ling operation. 



DATA LENGTH WORD 

The DATA LENGTH WORD defines the number of bytes of data present in the 
SCRY ins'njuiior. if ream when DF-i . 



DATA FORMAT 



Ail data present in the SCRY instruction is discarded. 



COP MOVEMENT 

The COP will remain unchcngad during the execution of the SCRY instruction, 
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3-56 RM-STA Status Management Option Instructions 



The RM-STA status management option firmware implements the SAVE ENVIRON- 
MENT (PUSHE) and the RESTORE ENVIRONMENT (POPE) norma I -format 
instructions. These two instructions provide for a multiple user (or level) 
environment by temporarily storing and subsequently retrieving display system 
status from an internal stack. For example, consider the case where Program A 
(PRGA) is writing an image to refresh memory. At a given point in time, 
Program B (PRGB) is initiated via keystroke input. FRGB is higher in priority 
than PRGA and performs the task of echoing keyboard input to the monitor. 
Therefore, PRGA is suspended (following completion of the current instruction) 
while PRGB operates. Because PRGB will write a character to a different 
point on the screen, display system status (environment) will be affected. Thus, 
PRGA's status must be s+nr^d end f hen restored before end after execution of 
PRGB. This can be accomplished with some difficulty in the host CPU, or 
very easily in the display system, using the status management instructions. 

A constraint on the use of the status management option is that, since the use 
of the RM-SCA and RM-LAF options require large buffers to preserve data for 
each line of data being processed, partial lines of scaled or LAF-processed data 
will be lost when a given environment is saved via the PUSHE instruction and 
restored via the POPE instruction. 



The RM-STA option resides within the internal 8080 processor's address space at 

locations 1000. , through 13FF n ,. 
16 s 16 
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3-57 SAVE ENVIRONMENT Instruction (PUSHE) 



OPCODE (13) 



| 15 j-14 j 13 



12 I 11 I 10 I 9 I 8 I 7 I 6 | 5 | 4 I 3 



The PUSHE instruction is a special -format instruction which is part of the RM-STA 
status management firmware option. The PUSHE instruction saves all parameter 
operands as well as associated internal parameters on an internal stack. This 
internal stack Is a L1FO (last-in-first-out) structure. Up to 5 consecutive 
PUSHE instructions without inferveniriy POPE inifruc'rion? are allowed (i.e,, up 
to 5 environments may be saved on the internal stock). If more than 5 are 
attempted by the user, an illegal instruction interrupt will be generated,. ar\d 
the current environment v/ill not be saved en the interna! stack. 
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3-58 RESTORE ENVIRONMENT Instruction (POPE) 



OPCODE (14) 



15 j 14 | 13 [ 12 | II | 10 I 9 l 8 J 7 | 6 J 5 j 4 j 3 i 2 



The POPE instruction is a special -format instruction which \s part of the RM-STA 
status management firmware option. The POPE instruction restores all parameter 
operands as wed as associated internal parameters from an internal stack. This 
internal stack is a UFO (last-in-first-out) structure. The display environment 
information which U restored frcn; the internal stack will be the last set of 
parameter operands which was stored on the internal stack by a PUS HE instruction, 
If there is no display environment information stored on the stack, an illegal 
instruction interrupt will be generated and the current display environment will 
remain unchanged. 



{ 
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n 

b 

P 

L, 



3-111 



3-59 RM-FNT Programmable Font Option Instructions 

The RM-FNT programmable font option firmware implements the LOAD PRO- 
GRAMMABLE FONT and LOAD PROGRAMMABLE FONT WITH REVERSE 
PACKING special-format instructions for 128 10 characters. The RM-FNT 
package contains the firmware necessary to attach the programmable font 
■ character generation routines at power-on and to generate the characters from 
programmable font RAM in both unsealed and scaled models. 

The font matrix which can be stored using the RM-FNT option is 8 bits wide 
by 12 font lines high. Symbols or characters larger than 8 by 12 can be gener- 
ated by the user by combining one or more smaller (i.e., 8 by 12) characters. 

At power-on or after receiving a RESET instruction, .'he character fonts from the 
PROM stored on the control board are copied to the RAM associated with the 
RM-FNT option for ASCII codes 20 16 through 5F 16 . The font RAM associated 
with ASCII cedes 60 ]6 through 9F i6 are not initialized end therefore contain 
either random data (after power-on) or contain previously loaded values. 
Since the DIMENSION and SPACING values remain 7 by 9, the use of RM-FNT 
is transparent to the user. 

The RAM associated with the RM-FNT option is located from 4400 16 through 

47FF 16 and used 12 1Q bytes per ASCII code. The RM-FNT option firmware 

resides within the internal 8080 processor's address space at locations 1800 

throuah 1 BFF . , . 
w 1 o 
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3-60 LO AD PROGRAMMABLE FONT Instruction (LPF) 



OPCODE (15) 


CHARACTER CODE 


FONT LINE 1 


FONT LINE 2 


FONT LINE 3 


FONT LINE 4 


FONT LINE 5 FONT LINE'6 


FONT LINE 7 1 FONT LINE 8 | 


FONT LINE 9 


FONT LINE 10 


FONT LINE 11 


FONT LINE 12 



15 (14 | 13 



11 



1019 |8 I 7 



The LPF instruction is o speciai-formaf instruction which is part of the RM-FNT 
programmable font option firmware. The LPF instruction loads the 8 by 12 
font which will be sent to display refresh memory v/hen the byte value defined 
by CHARACTER CODE is transmitted as text data in a VVT instruction. Although 
the standcrd ASCII codes (20 ]6 through 5F ., ) are copied to the programmable 
font storage RAM, these codes may be overwritten at any time by the user. 



r~ i 



ARGUMENT DEFINITION 

CHARACTER CODE Specifies any of 128 l0 character codes to be loaded with 

font data for subsequent chcracter or symbol generation. 
The legal codes which may be loaded via the LPF instruction 
are 20 16 through 9F 16 . Character codes from through 
1F 16 and A0 ]6 through FF 16 are not legal and the font 
data associated with these codes will be discarded. 



] 



DATA DEFINITION 

Twelve bytes of font-definition data follow immediately after the opcode/char- 
acter code word. Font line 1 defines the top line of the 8 by 1 2 Font matrix 
and font line 12 defines the bottom line of the font matrix. The high-order bit 



U 



of each fonf byte represents the left margin of the font matrix and the low-order 
bit represents the right margin of the font matrix. 



EXAMPLE 3-2 

if the symbol described by Figure 3-8 were to be generated using the RM-FNT 
option at (0,0), the following sequence might be used for character code 9F. 



0500 

159F 

0010 

3854 

92] 

1010 

2800 

0000 

0CO1 

0001 

9F00 



UtNE 



RESET 

LPF+ CHAR. CODE 

FONT LINE 1 &2 

FONT LINE 3 &4 

FONT LINE 5 &6 

FONT LINE 7 & 8 

FONT LINE 9 & 10 

FONT LINE 11 & 12 

WRITE TEXT WITH DATA FLAG 

NUMBER OF BYTES = 1 

CHARACTER CODE 

ELEMENT 








1 


2 


3 


4 


5 


6 7 




1 










2 












3 
















4 










i 
i 


*-> 








i 


6 










7 










8 












9 










A 










B 
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Figure 3-8 Programmable Font Example 
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3-61 LOAD PROGRAMMABLE FONT WITH REVERSE PACKING Instruction (LPFRP) 



OPCODE (21) 


CHARACTER CODE 


FONT LINE 2 


FONT LINE 1 


FONT LINE 4 


FONT LINE 3 


FONT LINE 6 


FONT LINE 5 


FONT LINE 8 


FONT LINE 7 


FONT LINE 10 


FONT LINE 9 


FONT LINE 12 


FONT LINE 11 



14 



13 I 12 



7 6 



4 







The LPFRP instruction is a special-format instruction which is part of the RM-FNT 
programmable font option firmware. The operation of the LPFRP instruction is 
exactly the same as the LPF instruction (See Section 3-59) except that the font 
ine description bytes are reversed within each word of data. 



L 



EXAMPLE 3-3 

The symbol described in Figure 3-8 would be generated using the following 
sequence with the LPFRP instruction: 



0500 
059F 
1000 
5438 
1092 
1010 
0028 
0000 
0C01 
0001 
9F00 



16 



RESET 

LPF +CHAR. CODE = 9F 
FONT LINES 2 & 1 
FONT LINES 4 & 3 
FONT LINES 6 & 5 
FONT LINES 8 & 7 
FONT LINES 10 & 9 
FONT LINES 12 & 11 
WRITE TEXT + DATA FLAG 
NUMBER OF BYTES = 1 
CHARACTER CODE 



L. 



3-115 



n 

n 









3-62 RM-PER Interactive Peripherals Option Instructions 

The RM-PER interactive peripherals option firmware implements the following 
RM-9CC0 instructions: 

O WRITE CURSOR STATE controlling the position 

and visible/blink state of any cursors 

© READ CURSOR STATUS transmitting the position and 

visible/blink state of any cursors to the host processor 

© WRITE KEYBOARD outputting a byte to one (1) 

of eight (8) possible serial output devices 

9 READ KEYBOARD transmitting c received character 

from any of eight (8) possible serial input devices to 
the host processor 

© SENSE PERIPHERAL STATUS transmitting activity 

status from either RM-S LC serial link card to the 
host processor. 

The RM-PER option handles all interactive keyboard and cursor functions, gen- 
erating the appropriate interrupts to the host processor. Buffering of serial in- 
put characters up to sixteen (16) characters per device is also handled by the 
RM-PER option. 

The maximum number of RM-SLC serial link cards which can exist in an 
RM-9000 display system is two (2). A single RM-SLC serial link card may be 
configured for either four (4) serial I/O ports or for two (2) serial I/O ports 
and two (2) cursors. This indicates that several different interactive configu- 
rations are possible. It is necessary for the user to know the exact RM-SLC 
configuration of the particular RM-90C0 display system and the device address- 
ing scheme used by the RM-PER option. This will avoid software problems 
caused by improper device addressing. 

The RM-PER option resides within the internal 8080 processor's address space 

at locations 0COO, , through OFFF. , . 
16 16 



* 
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Write Cursor State Instruction (VVCS) 



15 



14 



OPCODE (16) 


DEVICE 




X - ADDRESS 


BL 


VI - | Y - ADDRESS j 

1 



10 



8 ; 7 



3 f 2 



The WCS instruct! or, Is a special - c cirmat instruction which is part of the RM- 
PER interactive peripherals option firmware. The WCS instruction is used to 
define the position of any of four (4) cursors in the RM-9000 display as well as 
it's visible/invisible and blink/no -blink srates. No errors are possible, since 
the attempted addressing of non-existent cursors wi 1 1 take place, but wi 1 1 
have no effect upon the display system. 



PERTINENT ARGUMENTS 



DEVICE 



Specifies the cursor whose state is to be defined by the 
instruction. The DEVICE assianments are as follows: 



DEVICE 


CURSOR 


o 


Cursor "l of SLC Board # 1 


1 


Cursor "2 of SLC Board "2 


2 


Cursor <' 1 of SLC Board *2 


3 


Cursor # 2 of SLC Board # 2 



X -ADDRESS Defines the element coordinate at which the cursor speci- 

fied by device will be positioned. Note that due to 
mechanism used to superimpose the cursor onto the refresh 
memory video, there is a region of elements in which the 
cursor will be off of the visible screen area. These areas 
are as follows: 



! | 
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SYSTEM TYPE 



REGION (IN ELEMENTS) 



RM-9000 

RM-9200 
RM-9300 



320, . through 511.. 
10 b 10 

640. . through 1023 1A 
10 3 10 

640. n through 1023, A 
10 . 10 



Y-ADDRESS 



Defines the line coordinate at which the cursor specified 
by DEVICE v/i'll be positioned. For low line resolution 
systems (i.e., the RM-9I00 and RM-9200), cursor line 
addressing is module 256 in , i.e., line addresses 256, n 
through 51 1 correspond to line address through 225,^, 
respectively . 



VI 



Defines the visible or invisible state of the cursor speci- 
fied by DEVICE. If VI =0, the cursor will be made 
invisib le; i f VI = 1 , the cursor will be made visible . 



BL 



Defines the blink state of the cursor specified by DEVICE. 
If BL = 0, the cursor will be made non-blinking; if 
BL = 1, the cursor will blink at a rate cfone (1) Hz. 



NOTE 

THE CURSOR BLINK AND VISIBLE STATE CAN ALSO BE MANUALLY CON- 
TROLLED BY A JOYSTICK OR TRACKBALL IF EITHER OF THESE DEVICES 
EXIST IN A GIVEN CONFIGURATION. THE VI AND BL STATE MAY BE 
MANUALLY CHANGED IN THIS CASE WITH NO INDICATION BEING 
MADE TO THE HOST PROCESSOR. (SEE APPENDIX C FOR OPERATIONAL 
CHARACTERISTICS OF THE JOYSTICK AND TRACKBALL IN THIS CONTEXT. 
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3-64 Read Cursor Status Instruction (RCS) 



OPCODE (17) 



DEVICE 



t 

15 14 13 | 12 11 10 | 9 | 8 | 7 | 6" |5 | 4 | 3 | 2 | 1 | 



The RCS instruction is a special -format - instruction which is part- of the RM-PER 
interactive peripherals option firmware. The RCS instruction conditions the 
RM-9C00 for the transfer of two (2) words of cursor status information to the 
hosr processor. After ihe RCS instruction has beer Transferred from the host 
processor to the RM-9000, it is the responsibility of the host processor to 
initiate a two (2) 16-bit word data transfer from the RM-9000, (See Addenda 
on the operation of specific CPU interfaces.) If these two (2) words are nof 
read back properly by the host processor, it is possible that the inter-processor 
communications sequence may become hung. This condition can only be 
rectified using a hard system reset. 



PERTINENT ARGUMENTS 



DEVICE 



Specifies the cursor whose status is to be read back to the 
host processor after the RCS instruction has been issued. 
The DEVICE assignment is as follows: 



DEVICE 


CURSOR 





Cursor "1 of SLC Board " 1 


1 


Cursor # 2of SLC Board l 1 


2 


Cursor § \ of SLC Board # 2 


3 


Cursor § 2 of SLC Board § 2 



DATA FORMAT 



The format of the two data words to be read back to the 
host processor is as follows: 
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X - ADDRESS 








EN 


TK 


BL [Vl 





Y - ADDRESS 



15 14 13 12 11 10 I 9 



7 


6 


5 


4 1 3 


2 


1 






X -ADDRESS 



Y-ADDRESS 



VI 



TK 



Specifies the current element coordinate of the cusor 
specified by DEVICE. 

Specifies the current line coordinate of the cursor speci- 
fied by Dtv'iCE. 

Reflects the current visible/invisible state of the cursor 
selected by DEVICE. If VI = 0, the cursor is not visible; 
if VI = 1 , the cursor is currently visible. 

i 
Reflects the current state of the two -position TRACK switch 
on the joystick or trackball if present. If TK = 0, the 
TRACK function is not enabled; if TK = 1 , the TRACK 
function is enabled. 



BL 



EN 



Reflects the blinking state of the cursor selected by 
DEVICE. If BL = 0, the cursor is non-blinking; if 
BL = 1 , the cursor is blinking at a rate of approximately 
one (1) second . 

Reflects the state of momentary -action switchjbn the joy- 
stick or trackball if present. If EN =0, the ENTER switch 
is not depressed; if EN = 1, the ENTER switch is currently 
depressed . 
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3-65 Write Keyboard Instruction (WKB) 



OPCODE (18) 


DEVICE | 


- 


CHARACTER CODE 



| 15 |14 | 13|12 | II | 10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | I | | 

The WKB instruction is a special -format instruction which is part of the RM- 
PER interactive peripherals option firmware. The WKB instruction writes a 
single 8-bit character to one (I) of eight (8) possible serial output devices 
within the RM-9000 system. No buffering of output character* i< pprformed; 
therefore, it is necessary to wait for the serial transmission of the character 
to complete. A transmitter interrupt will be generated by the RM-9C0O to the 
host processor. The serial peripheral status word should then be read by the 
host processor using the SENSE PERIPHERAL STATUS instruction to verify that 
the expected transmission was completed (See Section 3-66). It is then allow- 
able to output another dcta byte to the serial output device specified by 
DEVICE. It is not necessary to wait for completion of a transmission before 
outputting to a different serial output device. 



PERTINENT ARGUMENTS 



DEVICE 



Specifies the serial output device to which the CHARAC- 
TER CODE will be output. The DEVICE code assignment 
is as follows: 



DEVICE 


OUTPUT PORT f 





Serial Output Port 'l of SLC Board *1 


1 


Serial Output Port § 2 of SLC Board # 1 


2 


Serial Output Port # 3 of SLC Board # 1 


3 


Serial Output Port H of SLC Board # 1 


4 


Serial Output Port # 1 of SLC Board # 2 


5 


Serial Output Port § 2 of SLC Board # 2 


6 


Serial Output Port # 3 of SLC Board *2 


7 


Serial Output Port U of SLC Board #2 
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CHARACTER CODE 



Defines the 8-bit byte of data -which will be output to the 
serial output port specified by DEVICE. All values from 
through FF. , are legal . 
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3-66 Read Keyboard Instruction (RK8) 



OPCODE (19) 



DEVICE 



15 14 13 I 12 11 10 9 I 8 7 6 5 I 4 3 2 



! o I 



The RKB instruction is a specie [-format instruction which is part of the RM-PER 
interactive peripherals option firmware. The RKB instruction conditions the 
RM-90C0 for the transfer of one word of serial data from the serial port input 
buffer specified by DP/ ICE, After the RKPi insrruci'on has been transferred 
from the host processor to the RM-9000, it is the responsibility of the host 
processor to read back one (1) 16-bit data word from the RM -9000. If the 
word of data is not read back properly by the host processor, it is possible 
that the interprocessor communications sequence may become hung. This con- 
dition can only be rectified using a hard system reset. 



For each of the eight (8) possible serial input ports, there exists an internal 
buffer which can handle up to sixteen (16) bytes of serial input data, as well 
as corresponding sta tus information . A recei ver interrupt wi II be generated to 
the host processor for each date byte received from a serial input port. After 
interrogation of the serial peripheral status words using the SPS instruction/ 
the RKB instruction could be used to read the dcta byte received. 



U 



All input buffers are cleared upon the power-on or the hard reset condition. 
All characters received prior to this will be lost. 



PERTINENT ARGUMENTS 



DEVICE 



Specifies the serial input port buffer from which data wil 
be read along with the corresponding status bits. The 
DEVICE assianment is as follows: 



DEVICE 


INPUT PORT 





Serial 


Input Port H of SLC Board *1 1 


1 


Serial 


Input Port *2 of SLC Board # 1 


2 


Serial 


Input Port *3 of SLC Board #1 


3 


Serial 


Input Port #'4 of SLC Board #1 



1 

L 
C 



,- t 



n 



r% 
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DATA FORMAT 



4 


Serial Input Portal of SLC Board *2 


5 


Serial Input Port "2 of SLC Bocrd "2 


6 


Serial Input Port # 3 of SLC Board # 2 


7 


Serial Input Port # 4 of SLC Board # 2 



The format of the data word read back to the host processor 
is as fol lows: 



ER 1 OV 


ND 




ASCII DATA 



[5 I 14 I 13 I 12 111 I 10 | 9 I 8 



6 



4 I 3 [ 2 I 1 | I 



DATA VALUE 



Reflects the 8-oit data value input to the RM-9C00 display 
processor from the external serial device 



ND 



Reflects a 'no data available' condition. If ND = and 
ER = 0, the DATA VALUE represents a valid received 
data byte. If ND = 1 , no data is present in the input 
buffer. 



OV 



ER 



Reflects a 'data buffer overflow' condition. If OV = 1 , 
data was received from the serial input port but no room 
was available in the input buffer, i.e. data has been lost. 

Reflects a ha rdware error condition. If ER = 1, a hard 
error has been detected by the input UART in attempting 
to obtain a character from the external device. 
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3-67 Sense Peripheral Status Instruction (S PS' 



OPCODE (1A) 


DEVICE 



15 14 13 12 11 10 



8 



4 







The SPS instruction is a special-format instruction which is part of the RM-PER 
interactive peripherals option firmware. The SPS instruction conditions the 
RM-9000 for the transfer of one word of serial peripheral board status from the 
RM-SLC serial link beard specified by DEVICE. After the SPS instruction has 
been transferred from the host processor to the RM-9000, it is the responsibility 
of the host processor to readback one (1) 16-bit word from the RM-9000. If 
the v/crd of data is not readback properly by ihe hosl processor, it is possible 
that the interprccessor communication sequence may become hung. This 
condition can only be rectified using c hard system reset. 



The data word readback from the RM-9000 reflects the status of the RM-SLC 
board selected by DEVICE. This status indicates which interactive device Is 
currently requesting service or is available for output. Upon receipt of a 
transmitter or receiver interrupt, this data word defines the interrupting source. 



PERTINENT ARGUMENTS 

DEVICE Specified the RM-SLC board whose status is to be interrogated. If 

DEVICE - 0, the RM-SLC Board 1 is to be interrogated. If DEVICE 
1, the RM-SLC Board 2 is to be interrogated. 



DATA FORMAT 



The format of the serial peripheral status word is as follows: 



15 | 14 | 13 | 12 | 11 [ 10 | 9 j 8 | 7 | 6 | 5 | 4' | 3 | 2 



— 


CI 


jco 


X 3 


R 3 


X 2 


R 2 


X 1 


R l 


X 


R 






a 


1 a 
i 

t 


X 7 


R 7 


X 6 


R 6 


X 5 


R s 
5 


X 4 


R 4 



SLC 
BOARD 1 



SLC 

BOARD 2 



L 



P 
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C = 1 
m 



X = 
n 



Indi cafes that- cne of two events has occurred; 

© The ENTER momentary action switch has been depressed 

with cursor m (where m = through 3) selected on the 
joystick or trackball, or 

© The coordinates of cursor m have changed with cursor m 

selected on the jo/stick or trackball and with the TRACK 
switch enabled. C will remain set to one (1) until 
the coordinates of cursor m have been read using the RCS 
instruction, at which time C will be reset to zero (0). 

Indicates that a serial transmission initiated by a VVKB instruction 



hoc not yet com n 'eted at o 



i ftni if p.nrf n 



t^. 



cuar 



7). 



X n v/ill be set to one (1) when transmission is completed. 



R = 1 
n 



Indicates that a data byte has been received by the serial input 
port n (where n = through 7). R v/ili be reset to zero (0) 
when the date byte along with its status has been readback after 
issuing an RKB instruction. 
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RM-USR User Subroutine Option Instructions 



The RM-USR user subroutine opt/on firmware implements the following six (6) 
instructions: 

o LOAD CONTROL MEMORY ones' LOAD CONTROL MEMORY WITH 

REVERSE PACKING which store either executable 8080 processor 
instructions or RM-9000 display instructions into RM-MOC memory 
expansion RAM 

o READ- CONTROL MEMORY and READ CONTROL MEMORY WiTH 
REVERSE PACKING which retrieve data from locations 000 through 
7FFF of the RM-9000 display system internal 8080 address space 

o CALL CONTROL MEMORY which executes any £080 subroutine stored 

in the 8080 processor's address space 

© EXECUTE INSTRUCTION MEMORY which executes one or more RM-9000 

display instructions stored in the 80S0 processor's address space. , 

The RM-U-R option, in general, implement a writeable control store capability 
in that the host processor can lead, retrieve and execute special-purpose 
subrountines and display insrruction lists. The Call Control Memory instruction 
is executed within the RM-9000 display. It has direct access to all display 
registers and requires en intimate knowledge of the interaction between display 
registers for proper display generation. The Execute Instruction Memory provides 
local display list processing using the RM-9000 instruction. This does not re- 
quire special knowledge of the RM-9000 hardware. 

It is necessary to lead either subroutine code or RM-9000 display lists into RAM 
within the KM-9000 display system. The memory map (Table 3-16) defines the 
areas of RAM and the options packages which use these specific areas. If a 
given option is not installed in a particular configuration, the RAM region 
assigned to this option is available for use with the RM-USR user subroutine 
option firmware, if an area used by an existing option is loaded via the RM-USR 
option, the operation of the option firmware will be adversely affected. No 
error checking is performed to restrict the use of areas of RAM. 



C 



r "* 

u 

r 

L 
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Table 3-16 RM-9000 Inrerna! Memor/ Map 



J 

J 

J 



j 

i 

1 
j 



1 



'^H" 






PROM ADDRESS 



DESCRIPTION 



0000 


- 07FF 


osoo 


- OBFF 


ocoo 


- CFFF 


1000 


- 13FF 


1400 


- 17FF 


1300 


- 1BFF 


icoo 


- 23FF 


2400 


- 27FF 


2800 


- 2BFF 


2 C00 


- 33FF 


3400 


- 37FF 


6200 


- 63FF 


6400 


- 73FF 




RM-IMG STANDARD IMAGER FIRMWARE 

RM-STD STANDARD OPTION SUPPORT 

RM-PER INTERACTIVE PERIPHERALS OPTION 

RM-STA STATUS MANAGEMENT OPTION 

RM-SCR SCROLL OPTION 

RM-FNT PROGRAMMABLE FONT OPTION 

RM-SCA SCALING OPTION 

RM-LAF LOGICAL/ARITHMETIC FUNCTION OPTION 

RM-GRA GRAPHICS OPTION 1 

RM-CON CONICS OPTION 

RM-USR USER SUBROUTINE OPTION 

STANDARD CHARACTER ROM 



RM 



•DIA DIAGNOSTIC OPTION 



RAM ADDRESS 


USAGE 


4000 - 414F 


RM-PER INPUT BUFFERS 


4150 - 415F 


NOT USED 


4160 - 41 7F 


RM-GRA INTERNAL VARIABLES 


4180 - 41AF 


RM-CON INTERNAL VARIABLES 


41 B0 - 41 FF 


NOT USED 


4200 - 438F 


RM-STA INTERNAL STACK & VARIABLES 


4390 - 439F 


NOT USED 


43A0 - 43AF 




43 B0 - 43FF 


NOT USED 


4400 - 487F 


RM-FNT PROG FONT TABLE 


4880 - 489F 


RM-FNT INTERNAL VARIABLES 


48A0 - 48FF 


NOT USED 


4900 - 49 IF 


RM-SCR INTERNAL VARIABLES 


4920 - 495F 


NOT USED 


4960 - 4AEF 


RM-FNT PROG FONT TABLE 


4AF0 - 55FF 


NOT USED 


5600 - 5FFF 


RM-SCR AND RM-LAF INTERNAL BUFFERS 


6000 - 60FF 


STACK AREA 


6100 - 61 FF 


RM-IMG INTERNAL VARIABLES 


7 C00 - 77FF 


RM-DIAG DIAGNOSTIC CARD RAM 
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3-69 Load Control Memory Instruction (LCM) 



I 

I 



j 



OPCODE (IB) 



RAM ADDRESS 



BYTE COUNT 



DATA 



J 
1 



"] 



1 



14 13 12 



11 10 I 9 



7 6 



The LCM instruction is a special-Format instruction which is part of the RM-USR 
user subroutine option firm were. The LCM instruction loads either 8080 micro- 
processor instructions or RM-9C00 display instructions into RAM memory on the 
RM-MOC memory expansion card. The LCM does not differentiate between 808u 
instructions and RM-9000 di spicy instruction. The use of either the COM or the 
XIM instruction defines the functional use of any data leaded by the LCM 
instruction . 



rv rn ri w i r 

r:,\ i i m l 



NT ARGUMENTS 



BYTE COUNT 



Specifies the eddress in internal 8080 RAM at which sub- 
routine or display instruction data will be stored. No 
address validity check is made that the address specified 
is legal . 

Defines the number of bytes of subroutine or display 
instruction data to be stored in internal 8080 RAM. 



L. 
r - 
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DATA FORMAT 

The subroutine or display instruction data is stored into internet 8080 RAM high- 
order byte first, followed by the low-order byte. If the BYTE COUNT Is odd, 
the low-order byte of the last data word will be discarded. 



POSSIBLE ERRORS 

If en area of RAM used by an option which exists in a given system is overwritten, 
the operation of that option cannot be guaranteed unless a reset sequence is in- 
itiated. 
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3-70 Load Control Memory With Reverse Packing Instruction (LCMRP) 



OPCODE (IF) 



RAM ADDRESS 



BYTE COUNT 



DATA 




13 



72 



11 



I 9 



The LCMRP instruction is a special-format instruction which is part cf the RM-USR 
user subroutine cpticn firmware. The LCMRP instruction loads either 8080 micro- 
processor instructions or RM-PG0O displcy Instructions into RAM memory on the 
RM-MiOC memory expansion card. The LCMRP does not differentiate between 
80S0 instructions and RM-9000 display instruction the use of either the COM or 
the XIM instruction defines the functional use of any data loaded by the LCMRP 
instruction. 



PERTINENT ARGUMENTS 



RAM ADDRESS 



Specifies the address in internal 8080 RAM at which sub- 
routine or display instruction data will be stored. No 
ccdress validity check is made that the address specified 
is lega I . 



BYTE COUNT 



Defines the number of bytes of subroutine or display 
instruction data to be stored in internal 8080 RAM. 



L 



r- 



L. 
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DATA F0RMA1 



The subroutine or display instruction data is stored into internal 8080 RAM low- 
order byte first, followed by the high-order byre. If the BYTE COUNT is odd, 
the high-order byte of the last data word v/ill be discarded. 



POSSIBLE ERRORS 

If an area of RAM used by an option which exists in a given system is overwritten, 
rhe operation of that option cannot be guaranteed unless a reset sequence is 
initiated. 
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3-71 Read Control Memory Instruction (RCM 



OPCODE (1C) 




RAM ADDRESS 


BYTE COUNT 



M |o I 



I 15 [ 14 | 13 |12 I 11 | 10 | 9 | 8 | 7 ( 6 J 5 | 4 J 3 | 

The RCM insfru.cticn is a special-formal- instruction which is part of the RM-USR 
subroutine option firmware. The RCM instruction transfers up to 2000 
(8192 10 ) bytes of data from RAM. on the RM-MOC memory expansion card to 
the host processor. This is the region within the interncl 8080 microprocessor's 
address space which may be leaded via the LGV\ or LGViRP instruction. If is 
not valid to attempt to read back data from the region outside of the RM-MOC 
card RAM, and as a consequence, the system may be hung up in doing so. 



PERTINENT ARGUMENTS 



RAM ADDRESS 



Specifies the address in internal 8080 RAM in the range 






-cuqh 



jri 



16' 



Addressing outside of this region 



is illegal and may cause the RM-9000 display system to 
hang up. 



BYTE COUN" 



Defines the number of bytes of data to be read back from 
RAM on the RM.-MCC. Since readback to the host 
processor is dene on a word besis, if the BYTE COUNT is 
odd, then one additional byte will actually be read back 
to the host orocessor. Since it is illegal to readback from 
outside of the RM-MOC RAM area, the sum of BYTE 
COUNT end RAM ADDRESS must not be greater than 
6000 16 . 



DATA FORMAT 

The data which is read back to the host processor is stored in each data word as 
follows: The first data byte is stored in the high-order byte of the first readback 
word, the second data byte in the low-order byte of the first data word, the 
third data byte in the high-order byte of the second data byte, etc. 
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POSSIBLE ERRORS 

If read back via the ROM is attempted outside of the address region 4000 t 6 
through 5FFF 16 , the system may hang up, end communication can only be 
reestablished after a hard system reset. 



.|| 
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3-72 Read Control Memory With Reverse Packing Instruction (RCMRP) 






OPCODE (ID) 




RAM ADDRESS 


BYTE COUNT 



15 114 113 | 12 111 I 10 I 9 I 8 I 7 



1 







The RCMRP instruction is a special -format instruction which is part of the RM-USR 
user subroutine option firmware. The RCMRP instruction transfers up to 2000 
(8192 ]0 ) bytes of data from RAM on the RM-MOC memory expansion card to the 
host processor. This is the region within the interna! 8080 mi coprocessors 
address space which may be loaded via the LGM or LCMRP instructions. It is not 
valid to cttempt to readback data from the region outside of the RM-MOC card 
RAM, end, cs a consequence, the system may be hung up in doing so. 



PERTINENT ARGUMENTS 



RAM ADDRESS 



A 



1 



BYTE COUNT 



Specifies the eddress in internal 8080 RAM in the range 
4CC0 16 through 5FFF I4 . Addressing outside of this region 
is illegal and may cause the RM-9000 display system to 
hang up. 

Defines the number of bytes of data to be read back from RAM 
en the RM-MOC. Since readback to the host processor is 
dene on a word basis, if the BYTE COUNT is odd, then one 
additional byte will actually be read back to the host 
processor. Since it is illegal to read back from outside of 
the RM-MOC RAM area, the sum of BYTE COUNT end RAM 
ADDRESS must not be greater than 6000, 4 . 



1 



DATA FORMAT 

The data which is read back to the host processor is stored in each data word 
as follows: The first data byte is stored in the low-order byte of the first readback 
word, the second data byte in the high-order byte of the first data word, the 
third data byte in the low-order byte of the second data byte, etc. 
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POSSIBLE ERRORS 

If rsadback via the RCMRP is attempted outside of the address region 4000 14 
through 5FFF i6/ the system may hang up, and communication can only be - 
reestablished after a hard system reset. 
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3-73 CALL CONTROL MEMORY INSTRUCTION (CCM) 



OPCODE (1C) 



SUBROUTINE ADDRESS 



15 I 14 I 13 I 12 I 11 110 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 



] 
] 



The CCM instruction is a special -format instruction which is part of the RM-USR 
user subroutine option package. The CCM Instruction is used to transfer control 
from the RAMTEK -supplied firmware package to a user-written subroutine 
which is stored in me RAJ- A en the RM-MOC memory expansion card via the LCM 
or LGMRP instructions. The user-subroutine must be executable 3030 micro- 
processor code with addressing ccmpcfible with the region into which the subroutine 
has been loaded. The user subroutine to be executed must return control to the 
RAMTEK-supplied firm were via the 8080 RET instruction. Since the user sub- 
routine executes within the RMi-9C00 display system, it has complete access to all 
internal display and interfacing registers. As a result of this, it is possible to 
perform exotic display functions specific to a given user application. It is also 
possible to initiate actions which cause the system to hang up and which can only 
be resolved via a hard system reset. Therefore, great care should be taken in 
writing user subroutines, making careful reference to Volume I of the RM-9000 
Theory of Operation Manual. 



It is the responsibility of the user subroutine to maintain the integrity of the system 
stack pointer. When entry is made to the user subroutine, 1 27 -jq stack locations 
(words) are availcble for use. For each stack 'push' operation, there must be a 
corresponding stack 'pep' within the subroutine to maintain stack Integrity. If 
this stack is not properly maintained, execution of the RET transferring control to 
the RAMTEK-supplied firmware system will fail and no further operations will be 
possible until a hard system reset is issued. All 8030 registers are available for 
use by the subroutine. 



PERTINENT ARGUMENTS 

SUBROUTINE ADDRESS Defines the internal 8080 microprocessor RAM address 

at which subroutine execution will begin. 
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3-74 Execute Instruction Memor/ Instruction (X1M) 



OPCODE (IE) 



BYTE COUNT 




15 



14 



13 



11 



The XJM instruction is a special -format instruction which is part of the RM-USR 
user subroutine firmware package. The XIM instruction executes one or more 
RM-90G0 instructions from RAM memory on the RM-MOC memory expcnsion card. 
The address of each instruction to be executed via the XIM instruction is stored within 
the XIM instruction itself, it is possible to nest XIM instructions by pointing an 
cddress at another XIM instruction. Up to 33 such nesting operations ore legal. 
Mere than 38 1( jevels of nesting will result in stack overflow and may result in the 
system hanging. The standard system stack is used to save the nesting information. 
No stack overflow check is performed. Also, ther-s is no check made for recursion, 
I.e., an XIM instruction referencing the XIM which referenced it previously. 
This will result in a recursive loop which will always lead to a stack overflow 
condi ticn. 



PERTINENT ARGUMENTS 



J 
1 



BYTE COUNT 



Specifies the number of bytes of address data which are 
present in theXIM instruction. Since the instruction 
addresses within the XIM instruction are 16-bit values, 
the BYTE COUNT must be an even value. If BYTE COUNT 
is odd, the value used will be one less than the stored 
value of BYTE COUNT. 
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DATA FORMAT 

Each 16-bit - word fe! lowing me BYTE COUNT word defines fhe starting address 
of en RM -9000 display insfrucficn. Thess addreszzs ere fhe absofufe infernal ' 
8030 RAM addresses at which data was leaded via rhe LCM or LGMRP 
insrrucfions. 



u 



\ 
i 



v 
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4-0 INTERRUPT OPERATIONS 

The R/Vi-9000 is capable of generating interrupts fo fhe host processor through fhe 
RAMTEK supplied inferface asscciafed with each display system. The four (4) 
possible inferrupf types are: 

© Illegal Instruction Interrupt 

© Cursor Inferrupf 

© Receiver Inferrupf 

© Transmitter Inferrupf 

These interrupts are generated infernally using fhe inferface inferrupf regisfer 
(See Secfion 6 of fhe RM-9000 Theory of Operation Manual - Volume I), 

All of fhe RAMTEK supplied Interfaces generate an inferrupf to the host processor 
based on a low-fo-high transition of fhe interrupt lines frcrn fhe RM-90CQ control 
beard to fhe computer Inferfcce. The standard firmware aenerafes this transition 
by loading a zero in fhe inferface Interrupt register followed by fhe setting of fhe 
specific inferrupf line(s) in this regisfer. Reading of the computer inferface 
status word clears the inferrupf flags in this word. 



4-1 



ILLEGAL INSTRUCTION INTERRUPT 



The illegal instruction interrupt is generated when a word of Information from fhe 
inferface to be interpreted as an instruction opcode has an opcode which does not 
exist for fhe specific display system configuration. The illegal insfrucficn inter- 
rupt is then generated. The next word will then be interpreted as an opcode word, 



4-2 



CURSOR INTERRUPT 



4-3 



The cursor inferrupf Is generated when fhe RM-PER interactive peripherals option 
is installed and one of fhe following occurs: either fhe ENTER momentary 
action switch is pressed or the cursor position is changed with fhe TRACK switch 
in fhe ON position. These keys (ENTER and TRACK) are present on both fhe 
joystick and fhe trackball. 



RECEIVER INTERRUPT 

The receiver interrupt is generated when fhe RM-PER interactive peripherals op- 
tion is installed and a key on the keyboard is depressed. The 8-bit code asso- 



L 
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ciafed with the depressed key is stored in tha FIFO (fTrsf — in— ffrsf— ouf") buffer 
cssociafed with that particular keyboard cr.d rr.cy be read by the host processor 
using the READ KEYBOARD instruction. 

If any c.hcracters are present in the keyboard buffers after execution of a READ 
KEYBOARD instruction, a receiver interrupt will be issued. 



4-4 Transmitter Interrupt 

The transmitter Interrupt is generated when the RM-PER interactive peripherals 
option Is installed and the completion of a serial output transmission using the 
WRITE KEYBOARD instruction is indfccted to the firmware by the RM-SLC serial 
link card. This interrupt indicates that another WRITE KEYBOARD instruction to 
the interrupting output device is valid. 
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SECTION V 



RM-9000 INSTRUCTION TIMING 
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5-0 RM-9000 INSTRUCTION TIMING 



This section describes the execution times of the RM- 90 CO display instruction set. 
In several cases, the instruction times are approximate due to the variable ncture 
of the parameters used as input to the instruction. In these cases (which are noted 
in the instruction's execution time description, the equation describing the exe- 
cution speed becomes extremely complex and cumbersome, in which case a 
reasonable approximation to the equation has been made. 



5-1 Standard Instruction Set Execution Times 



The following sections describe the execution timingfor the RM-9000 standard 
instruction set. For normal format instructions which are, by nature, of variable 
format, it is possible to set a variable number (up to 16) pcrcmerer operands as 
v/ell as actually execute the display instruction itself. Section 5-2 defines the 
parameter operand processing time (POPT) for the normal format instructions. 



5-2 Parameter Operand Processing Time 

In any normal format instruction, it is possible to define the value of up to 1 6 
parameter operends. The parameter operand processing time or PCPT must be 
added to the execution time of the normal format instruction in which these 
parameter operands ere set. 



5-3 INOP Instruction Time ', 

l 

Execution Time = 135 us + 65 us * NP + 40 us * NPW 

r 

+ 65 us * NBD l - 

where NP = number of parameter operands in NOP Instruction to be I 

ignored. v - 
NPW = number of words of parameter operand values to be ignored in 

INOP instruction j 

NBD = number of bytes of data in INOP instruction to be ignored ~ 

NOTE p 

EVEN THOUGH INOP IS A NORMAL-FORMAT INSTRUCTION, 

ITS TIMING REPRESENTS A SPECIAL CASE, SINCE ALL PARA- p 

METER OPERANDS AND DATA ARE DISCARDED. L 
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Table 5-1 Normal-Format Parameter Operand Processing Times 



PARAMETER OPERAND 



PT. 





1 

2 
3 

' 4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 



SUBCHANNEL 
FOREGROUND 
BACKGROUND 
INDEX 1 

INDEX 2 

ORIGIN 

WINDOW 

SCAN 

DIMENSION 

SPACING 

SCALE 

FUNCTION 

CONIC-EQUATION 

BASE-LINE 

SCROLL-COUNT ■ 

START-POINT 



42 s 
42 s 
42 s 
140 j 
140 s 
140 s 
1250 s 
905 s 
75 3 
81 s 
40 -5 
40 s 
630 ^ 
40 s 
40 s 
250 5 



POPT = 5Z ( 65 '^ 5 + PT - 



1=0 



,th 



where PT. = if the i parameter operand is not set 
i .... 
in the instruction 

otherwise the value of PT. is the value from Table 5-1. 
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5-4 Set Instruction Timing 

Execution Time = 1 25 \i s + POPT + DFT +[57.5 ps * N8D J 
where DFT = # if the da ha flag DF = 

= 36 ps if rhe data flag DF = 1 
NBD = number of bytes of data in the set instruction to be ignored 



5-5 Erase Instruction liming 

Execution Time = 265 ^ -r PCPT +[NL * [43,5 us +[] .5 us *i\'e]] 

v/here NL = number of lines in VM NDOVV to be erased 

NE = number of elements per line in WINDOW to be erased 

For example, a full screen with no parameter operand processing in an RM-9200 
system would be: 



265 us +[256 * l 43 ' 5 ^ +L 1 - 5 us + 640j] = 257 



ms 



I I 



5-6 Write Image Instruction Timing 

Execution Time = 490 u s + POPT 

_[wW * DTRj + 113 us][nL-1 



RP * DTRj 



where WW = window v/idth in pixels (i.e., width parallel to the primary 
update direction) 

DTR = interface data transfer rate in microseconds (minimum value 
of 1 .5 us due to refresh memory access rate) 

NL = number of lines in image 

RP = number of pixels In last line of image 

For example, a full-screen image transfer on an RM-9103 system interfaced to a 
DR11B DMA interface (and assuming an infinitely fast image data source in the 
PDP-11 computer) and assuming no parameter operand processing, would be: 



f ' i 
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490 us + [[320 * 1.5 usjr ns U5 ] * 255 + [320 * 1.5 us] - 152 ms 
using values of V/V/=320, DTR=1 .5 us, NL=256, RP=320 



5-7 Read Image Instruction Timing 

The execution time for the Rl instruction is the same as that of the Wl instruction 
(See Section 5-6) . 
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Write Text Instruction Timing 



Execution time 



where CW 
CH 
NCR 



:h + c,v]] -npc 



NLF 
NPC 



= 480 us + FOPT 

+ [263 us + [64 us+C'd] -i- [l .5 u 

+ [162 us *NCR] + [146 us *NLFJ 

- character width (defined by X DIMENSION) 

= chcrccter height (defined by Y DIMENSION) 

= number of carricge returns or primary window 

boundary intersections 
= number of line feeds or secondary window boundary 

intersections 
= number of ncn-CR or non-LF characters 



For example, a full-screen text write en an R,\\-9200 system (i.e., 91 by 28 
characters oF text) with nc parameter processing, v/ould be: 



480 us + 
+ [l 62 us 



263 us 
* 28 



64 us*9 
46 us ' 



.5 us *7*9] 
= 2.38 seconds 



*2548 



5-9 Locd Hard Register Instruction Timing 

Execution time = 170 us 

5-10 Read Soft Register Instruction Timing 
Execution Time ="150 us 
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5-1 ] Load Auxiliary Memory Instruction Timing 

Execution Time = 275 us + [NW * DTR] 
where NW = Number of words of auxiliary memory 

data to be transferred 
DTR = Interface data transfer rate in microseconds (minimum value 

of 0.765 u s based on the Type II and V video lookup tables 
leading rate) 

For example, to lead a Type II video lookup table would take:. 

275 us + [l 024 * 0.765 us] = 1 .05 ms 



3-12 Reed Auxiliary Memory Instruction Timing 

The execution time for the RAM instruction is the same as that of the LAM 
instruction (See Section 5-11). 



5-13 Reset Instruction Timing 

Execution Time = 29 ms + ERST + OPTT 

where ERST = screen erase h"me (dependent en system resolution) when 

DIP SWITCH 3 = 

STDT = 134 ms for RM-9100 
= 257 ms for RM-9200 
= 514 ms for RM-9300 

OPTT = sum of power-on routine execution times for the options 

which exist in a particular configuration 
n 
= 63 ms + XZ POT 
i =o i 



where POT equals the power-on option 
time for the i option which exists and 
n is the number of existing options 



u. 
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RM-GRA 

RM-CON 

RM-SCR 

RM-SCA 

RM-STA 

RM-FNT 

RM-PER 

RM-USR 



45 ys 

u% 

Oys 

us 

50 ps 

1493 us 

957 v s 

us 



5-14 Initialize Instruction Timing 

Execution Time = 4.97 ms 



1 3 



5-\5 Options Instruction Set Execution Times 

The FoMov/ing sections describe the execution timing for the set of R/M-9000 
options instructions. For normal-format options instructions, reference should 
be made to Section 5-2 for the parameter operand processing time POPT. 



5-16 Write Vector Instruction Timing 



Execution Time = 220 us + POPT 



NV 

i = 1 



VST. + 
i 



NPV; 



= 1 



NV 



VPT. 



220 us + POPT + *> [480 us + [NPV ; * 36.3 us" 



! il 



I .'i 



where NV 



VST. 



NPV. 



Number of linked vectors to be generated in 
a given WV instruction 

Vector set-up time for the i™ vector (based on 
the slope of the vector) 480 us 

Number of pixels in the i h vector 
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VPT.. = Pixel calculation/v/ri te time for the i pixel of the 
i vector (dependent on the i rn vector's slope and quadrant); 
minimum value -"34.6 u.s, maximum value -^ 37.9 us, 
average value — 36.3 us. 



5-17 Write Plot Instruction Timings 

Execution Time = 543 US + POPT 



NP 

vz 



223 



S T 



f\ 



03 l 



us 



.0 us 



EDIM 



ehJ 



] 



J 



J 



w 



here NP 



EDIM 



EH. 



Number of plot entities fo be ger 
WP instruction 



orated in a given 



Width in pixels of plot entities pcralle! to the plot 
axis (defined either by the x-DIMENSION or /-DIM- 
ENSION parameter operand depending on the value 
of SCAN)! See Section 3-49. 

th 
Size in pixels of the i' plot entity perpendicular to 

the olot axis. 



_J 
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5-18 Write Raster Instruction Timing 

Execution Time = 420 us + POPT 



. r 



NRB 



SO 



u s 



* [NRL * 62 us 



where NRB = Number of bytes of raster data. 
NRL = 



Number of lines of raster data within the region 
specified by WINDOW (i.e., number of lines of 
raster data which are parallel to the primary scan 
direction). 



5-19 Write Conic Instruction Timing 

Execution Time = 887 us + POPT 



NCP * CPR 



n 
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d =J Li w % i^J -J "4 



where NCP = Number o? pixels to be generated per conic. 

CPR = Conic pixel generation rcte; minimum value ^250 us, 
maximum value ■ — I 1 SO us,, typical value -~ 300- ys. 



MOTE 

THE CONIC PIXEL GENERATION RATE IS EXTREMELY 
VARIABLE, BEING DEPENDENT ON SEVERAL NON- 
LINEAR PARAMETERS, AND THEREFORE THE VALUE 
OF CPR IS DIFFERENT FOR EACH PIXEL. 



5-20 Scroll X Instruction Timing 

Execution Time = 470 us t POPT 

+ [_238 us * WW J + |_3 us 

1.5 us * COUNT * WH 



v./v 



vV 



V I \ 



122 us * COUNT 



where WW = Width in elements of the rectangular region defined by 
WINDOW. 

WH = Height in lines of the rectangular region defined by 
WINDOW. 

COUNT = Absolute value of the SCROLL-COUNT parameter 
ooerand 



1 



5-21 Scroll Y Instruction Timing 

Execution Time = 456 us + POPT 
+ [238 us * WHj + 
• - fl.5 us * COUNT * WW 



3 us *. WW * WH 



122 us * COUNT 



1 



where WW = Width in elements of the rectangular region defined by 
WINDOW 



. -.W'-i?;''-' >^> ' 
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WH = Height In lines of the rectangular region defined by 
WINDOW 

COUNT = Absolute value of the SCROLL-COUNT parameter 
operand 



5-22 Save Environment Instruction Timing 
Execution Time = 627 ps 

5-23 Restore Environment Instruction Timing 
Execution Time = 5.05 us 

5-24 Lccd Programmable Font Instruction Timing 
Execution Time = 385 ps 

5-25 Load Programmable Font Reverse Packing Instruction Timing 
Execution Time = 385 ps 



5-26 Write Cursor Instruction Timing 



c. 



xecution Time = 331 «j s for RM-9100 
= 299 ps for RM-9200 
= 271 ps for RM-9300 



5-27 Read Cursor Instruction Timing 

Execution Time = 268 ps for RM-9100 
= 242 ps for RM-9200 
= 219 ps for RM-9300 
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5-28 Write Keyboard Instruction Timing 
Execution Time = 246 ps 

5-29 Read Keyboard Instruction Timing 

Execution Time = 480 us (Average) 

5-30 Sense Peripheral Status Instruction Timing 
Execution Timing = 163 Us 

5-31 Load Control Memory Instruction Timing 

Execution Time = 1 90 u s + 64 us * NB 

where N3 = Number of bytes of dcta to be leaded into RAM 

5-32 Lead Control Memory Reverse Packing Instruction Timing 
Execution Time = 195 us + 67 us * NB 

where NB - Number of bytes of data to be loaded into RAM 

5-33 Read Control Memory instruction Timing 

Execution Time = 212 us + 12.5 us * NB 

where NB = Number of bytes of data to be read from RAM 

5-34 Read Control Memory Reverse Packing Instruction Timing 
Execution Time = 264 us + 0.75 ys * NB 

where NB = Number of bytes of data to be read from RAM 
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5-35 Call Control Memory Instruction Timing 

Due to the variable nature of the user-written subroutine, the timing cannot be 
defined in this document. 



5-36 Execute instruction Memory Instruction Timing 

Due to the variable number of instructions that can be executed by the XIM in- 
struction, the execution time is variable and approximately equal to the sum of 
execution times for each display instruction. 
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APPENDIX A 



TYPE II VIDEO LOOK-UP TABLE 



FUNCTIONAL DESCRIPTION 




A-0 



INTRODUCTION 



The RM-9000 Type II Video Board contains a !024]q by T 2 -j q bit video look-up 
fable which is loadable by the host processor and which defines the functional ' 
correspondence bet-ween all possible data values stored in refresh memory and the 
actual color or grey scale intensity generated for each pixel. Due to chassis 
size, the RM-9100 and RM-9200 systems may contain up to two (2) Type II Video 
Boards; the RM-9300 system may contain up to four (4) of these modules. 



A-l 



TYPE N VIDEO LOOK-UP TABLE 



The video look-up fable (or VLT) on a Type 11 video bocrd is comprised of 1024ig 
addressable locations; each locarfon in the VLT is 12 bits in length. The VLT is 
leaded From the host processor using the special -format LOAD AUXILIARY 
MEMORY instruction (See Section 3-42). Readbcck from the VLT to the host 
processor is implemented via the special-format READ AUXILIARY MEMORY 
instruction. In standard configurations, the first Type II VLT is addressed as 
Device in the LAM and RAM, the second VLT as Device 1 . If is possible for 
a user to specify the addressing configurations for access to all VLT's in the system. 



L, 



OPCODE (03) 


DEVICE 


VLT ADDRESS 


LENGTH 




D 


ATA 
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WORD 
WORD 1 

WORD 2 



I ! 



u 



13 12 11 



10 


9 


8 | 7 


6 


5 



L 

n 



Figure A-] Lam Instruction Format 
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The low-order byte of the word of the LAM instruction defines the VLT fo be 
loaded . V/ord 1 defines the 1 0]Q - bit address at which VLT loading will begin . 
Bits 10-15 in the VLT ADDRESS word are ignored; only Bits 0-9 are effective. 
Internal addressing of the VLT is designed so that addresses greater than 1023]Q 
v/rap back to Address 0, The LENGTH word defines the number of bytes of VLT 
data to be loaded from the hostprocessor. Since loading is done on a full -word 
basis, the LENGTH value should always be even. The actual DATA to be loaded 
into the VLT RAM follows the LENGTH word. The low-order 7 2] q bits of each 
16] 0"bit v/ord from the host processor are loaded into successive locations of the 
VLT. The functional use of the 12 bits of data loaded into the VLT is dependent 
on the Type II Video board configuration (discussed In Section A-2). 

The RAM instruction is used to readback VLT data values from the Type II Video 
board . j lie dswn 'ion or the Uc v \Lc, yli nuuncjj onri ll^ui n values i3 me 
same as those of the LAM instruction. The data from the VLT is stored in Bits 
0-11 cf the readback data word. Bits 12-15 of the readback data v/ord are in- 
determinate. 

Note that if a Type II VLT, which does not exist in an RM-9000, is accessed via 
the LAM or the RAM instructions, the RM-9000 system will hang and can only be 
cleared by a hardware reset. 



-j A-2 TYPE II VIDEO CONFIGURATIONS 

J 



1 



"1 



The function of the Type II Video board is to generate video signals to the CRT 
monitor based on the refresh memory data value for each pixel and the VLT RAM 
value stored for the corresponding location using the pixel value as an address 
into the VLT. For example, if pixel (0,0) contained a value of tv/o (2) in re- 
fresh memory, the data stored in location tv/o (2) of the VLT would define the 
color or grey scale intensity actually displayed for that pixel. All pixels with a 
refresh memory data value of two (2) would be displayed with the same color or 
grey scale intensity . 



] 
J 
1 

There are four (4) video outputs from each Type II Video board: three (3) out— 
j puts from three (3) 4-bit DAC's (digital-to-analog converters) and one (1) video 

-* output from an 8-bit DAC . The actual 8NC connections for each of these four 

(4) video outputs are video siot-dependent and are available in Section 2 of the 
RM-9000 Theory of Operation Manual, Volume I. 



The three (3) 4-bit DAC outputs designated as RED, GREEN and BLUE outputs 
correspond to the VLT RAM values defined by Bits 8-11, Bits -4-7 and Bits 0-3, 
respectively. The 8-bit DAC video output can be configured such that it repre- 
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sents either the low-order 8 bifs of output from VLT or the binary value of Sub- 
channel thru 7 from refresh memory directly. 



A-3 TYPE II VLT PARTITIONING 

ft is possible to configure any Type II VLT such that less than 10 subchannels 
. from refresh memory are used to generate the video outputs. Since the full 7 024] q 
x 12]Q bit RAM is always present, the Type II VLT is "partitioned" or divided up 
into 2 m sections of equal length where m is the number of high-order subchannels 
not used as address Input to the VLT for video generation. Thus for example, if 
subchannels 8 and 9 were not used for input to the VLT,, then four (4) partitions 
of 256] locations each would be available. 



| All partitions are identical to each other, varying only in the address by which 

-' they are loaded and read from the host processor. In the example where sub- 

channels 8 and 9 were not used, fcur (4) partitions of 255] locations each are 
{ available. They are addressed as VLT locations fhrough 255] q, 255] q through 

51 1 ] q, 512]Q through 767-iq and 76S]q through 1023] q. Cnly one (1) of these 
_ partitions Is used to generate the actual video outputs at any given time. The 

I • last VLT location addressed defines the partition to be used. When usinq the 

LAM or RAM Instructions, the last VLT location addressed is one grearer than the 
__ last VLT location actually written with data. Therefore, a LAM instruction with 

i a length of 255] words srcrting at VLT Address would select the second partition 

"" on a VLT which did nor use Subchannels S and 9. Correspondingly, partitioning 

„ of the Type II VLT is not possible in a system with a! MO subchannels utilized. 
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APPENDIX B 



GENERATION CF CONICS 
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B-l HOW TO DRAW AN ELLIPSE 

In order fo draw fhe various conic sections, if is necessary to find fheir equations, 
and more particularly fheir equafions v/hich go fhrcugh the origin. An example 
would be in order af fhis poinf. 

Consider an ellipse whose semfmajor axis (a) and semimincr axis (b) are parallel 
fo fhe coordinate axes, with center point (x^y^). 




ORIGIN 



The equation for such an ellipse is 



2 2 

( x - x ) (y-y ) 



ihe origin must be chosen to lie on the conic locus, end in order fo simplify 
the algebra, if is chosen so that x- = 0. In fhis case y- = b . 

The general equation can be expanded to 



2 x 2 o 
X + x Q - 2xx Q 



+ y2 + y Q " 2yy Q _ ! 
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and the values for x n and y n substituted into the equation to yield 



2 2 

2,2 b U ' 
a b 



[his fits Into cur RAMTEK conic equation form 



2 2 

Ax + By + Cxy + Dx + Ey = 



w 



here 



A 
8 
C 
D 

E 



Vol 

o 


-2/b. 



Thus an ellipse with a semimajor axis length of 60 pixels, and a semiminor axis 
length of 20 pixels would have values 

A - 1/60^ = .000278 

B = 1/20"- = .0025 

C = 

D = 

E = -2/20 = -.1 . 

In order to make all the crguments integers, these values must be multiplied by 
some arbitrarily large number. If the arbitrarily large number chosen is 20,470 
the values obtained would be 

Decimal Hex 



A = 6 
B = 5 
C = 
D = 
E = -2047 



= 0006 
= 0029 ' 
= 0000 
= 0000 

= -03FF = FC01 (twos complement) 
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If should at this time be noted that the ccnics arguments are each two words 

long. The first word of each argument is ignored by the RM-9000. Only the 

second word of each argument is taken to be meaningful. Negative values are 

taken to be twos complement, limiting the range of the arguments to integers 

between 7FFF, . and -8000., 
16 16. 

With all these things in mind, the entire complex instruction for the ellipse 
could be formatted as follows: 

0F02 Write conic instruction 

9000 Write conic and start point operand flags 

0000 First null word 

0006 Value of A 

0000 Second null word 

0029 Value of B 

0000 Null word 

0000 Value of C 

0000 Null word 

0000 Value of D 

0000 Null word 

FC01 Value of E 

0000 Null word 

0000 Value of K 

OOAO Value of x start point 

0080 Value of y start point 

0004 data flag word indicating 4 bytes to follow 

OOAO Value of x end point 

0080 Value of y end point 



~L, 



drawn on the screen would look as follows: 



Screen Boundary 
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B-0 THE CONIC EQUATION 

According to the mefhod of Cartesian geometry, the generalized equation for any 
conic is of the form 

ax + By + yxy + 5x + ey + C = 0. 

Note that not ever/ equation of this form results in real solutions that can be 
plotted. Some quadratic equations have complex solutions that cannot be plotted 
by ordinary methods, and should not be attempted on the RAMTEK system. 

To fit the algorithm used in the RM-9000, the C term must be dropped from the 
general form of the equation. This dees not limit the number of actual conic 
sections that can be drawn with the system, however, since any conic equation 
containing C can be rewritten in a form without a constant term with only a min- 
imum of algebraic manipulation. This stipulation can be restated as; the conic 
section locus must pass through the Cartesian origin. 

The origin on the RM-9000 can be placed anywhere on the screen. Exactly where 
the origin is placed is specified in raster elements and lines from the upper left 
hend corner. This is done using the start-point arguments. 

It is possible to draw a specific section of a conic if desired. In fact it is nec- 
essary to do so in the cases of parabolas end hyperbolas, which by their nature 
contain an infinite number of points. The RM-9000 al lows the user two methods 
of terminating a plot . Either a specific number of points to be drawn may be 
specified, or a particular end point (relative tc the upper left hand corner of the 
screen) may be specified. 



!n the case of conic equations with an infinite number of point solutions, or in 
the case of partial ellipses, it is usual to specify a certain maximum number of 
pixels to be illuminated. This information is transmitted to the RM-9000 via the 
c -value argument. In the case of a < = being specified, k assumes the 
default value of 1280 (decimal). 

In the case of conic sections known to pass through a specific point, the specific 
point may be specified in two (2) words following the data flag word. The first 
word is the element end point, the second word is the line end point, relative to 
the screen origin. This is the usual method for terminating complete ellipses, 
for which the end point is set equal to the start point. 
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If should be kept in mind that the ratio between the distance between picture 
elements along a raster scan line and the distance between raster scan lines is 
not always 1:1 . This is dependent upon how the monitor is adjusted and the 
resolution of "he RM-9000 model being programmed. If the ratio is net 1:1, a 
circle will not be round. If this is important, there are two ways to make the 
circle round. The first, and by far the simplest way of handling this problem 
is to adjust the height and/or width adjustments on the monitor until the circle 
- becomes round, if this is impossible or undesirable, the programmer can make 
the circle round by finding the ratio empirically, and adjusting semimajcr and 
semimincr axes lengths accordingly. 
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How To Rotate The Ellipse 



Analytic geometry reveals that when an ellipse is rotated by an ancle about the 
origin, the equation becomes 



ccs 2 9 sin 2 9 | 2 
+ — I x 




n • n / 1 1 \ 2 sir.9 2 cos9 
+ 2 cos9 sm9 -^ — xy r • x + r y = 

\a b~ 



In terms of Write Conic arguments: 



A = 



2 2 

cos 9 sin 9 



2 2 

sin 9 cos 9 

__ + ^ — 



C = 2 cos9 sin9 



_i_ _l 

2 " K 2 

a b 



D = 



E = 



-2 sinQ 
b 

2 cos9 



L_ 
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For example, if the previous ellipse is rotated by tt/6: 



A 
B 
C 

D 
E 



= .000278 cos 2 tt/6 + .0025 sin 2 tt/6 = .000833 a 20 

= .00278 sin 2 tt/6 + .0025 cos 2 tt/6 = .00194 a 46 

= 2 (.00278) cos tt/6 sin tt/6 - 2 (.0025) sin tt/6 cos rr/6 
-.00192 a -45 



= -0.1 sin tt/6 = -.05 a -1182 
= -(-J) cos 2 ' tt/6 = .0866 a 2047. 



B-3 Rotating About The Center Point 

It is sometimes desirable to rotate about the center point cf en ellipse rather 
than the origin. It is a simple trigonometry problem to show that rotating about 
the center point is equivalent to rotating about the origin and shifting the start 
point: 

Ax = b sinQ 

Ax = b (l-cos9) . 
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HOW TO DRAW A HYPERBOLA 



The same kind cf analysis performed on the ellipse can be performed on a parabola 
of hyperbola. Recall the following equation for a hyperbola in terms of its 
semimajor and semiminor axes: 



( '-*o> =1 
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The equation may be expanded to 



2 2 
x n - 2xx n y + y n - 2yy 



= 1 



To produce a hyperbola if is still necessary to choose the origin. to be a poinf on 
the curve. As a first attempt we mighf choose the origin to be at the vertex 
pictured above, since at this point we have y n = and x. = a . This makes it a 
simple task to write the equation for the hyperbola in terms of two parameters: 



2 

X 


2 


2 

a 


b 2 a 




A = 1/a 2 




B = -1/b 2 




C = 




D = -2/a 




E = . 



If we pur these exact argumenfal values into the VVC arguments, however, the 
following image will be produced. 
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This is the hyperbola frcm the vertex to the assyrnptote. To draw from asymptote 
to assympfote, the origin must be moved to the assyrnpfote. 
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At this point x n = c + d and y . = b/ 2 a 

' \j a 

With this information/ the equation for the hyperbola can be rewritten 



M 2 ■ / 



2 2(a+d)x / 2 / d 2d . 

2 ;/ — - 1 t/ — -— 7 )v = ° 



2 



b/ a 2 ° 



1 
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v/hich gives us our coefficients in terms of the axes and the x distance from 
origin to vertex. 
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Again we can rotate the conic by 9 to get 

A = 



2 . 2 

cos 9 sin 9 



2 J 

a b 

2 2 

sin 9 cos 9 



2 

a 



C - 2 cos a sin a( — =- + 



2 u 2 

a b 





smy - ~ — cosQ 

a 



2fc-d) . 

smfcy 



2 
a 



As an example, for a = 16, b = 7, d - 200 and 9 = /6: 

A = -.00217 a -1 

B = -.01933 a -9 

C = .02106 a 13 

D = -3.385 a -2047 

E = 2.487 a 1504 . 



B-5 SPECIAL CASES 



Degenerate conies and complete ellipses of less than 6 pixels will nor be drawn ( 
accurately in the RAMTEK system. It should also be noted that the conic L 
sections drawn by the RM-9000 series are, by the very nature of the raster 
scan, necessarily drawn In quantitized segments. The greater the resolution, \" 
the smoother the conic will appear. Since the RM-9000 chooses to illuminate L. 
those pixels closest to the theoretical conic section, it is possible that slight- 
asymmetries will appear if the theoretical conic section does not correspond p 
sell to the element and line grid of the screen. L 
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If is useful fo note that a hyperbola will be degenerate if and only if the 
equation can be facfored info two first degree factors (the loci of two straight 
lines). A degenerate ellipse is but a single point. 



J 

■i 
- is* 

4 
j 



i 



B-10 



APPENDIX C 



INTERACTIVE PERIPHERALS OPERATING PROCEDURES 
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C-0 INTRODUCTION TO INTERACTIVE PERIPHERALS 

There are three types of interactive functions which are available within the 
RM-9000 display system: 

1) Cursor Interaction 

2) Joystick/Trackball Interaction 

3) Keyboard/Transmitter Interaction 

In order to implement and access these interactive peripheral functions, a system 
must contain the RM-SLC serial link card and the RM-PER interactive peripherals 
option firmware package. 

The purpose of these devices is to allow the human user to interact or communi- 
cate with the host processor application program in a machine-readable form, 
allowing visual feedback through the display system. The use of the cursor and 
joystick/trackball mechanism is particularly useful in this area. 



C-l CURSOR DESCRIPTION 

The RM-SLC serial link card, in addition to support input and output from the 
keyboard and joystick/trackball devices, also supports the cursor controller/gen- 
erator hardware. Cursors can be controlled by either a joystick or trackball or 
by the host processor using the WRITE CURSOR STATE and READ CURSOR STATUS 
instructions. Up to two cursors may be generated by each RM-SLC card; since up 
to two RM-SLC cards can be present in a given system, this means that a maximum 
of four cursors are possible. 



C-2 Standard Cursor Pattern 

The Display Controller is capable of generating up to four cursors. The cursor 
appears as a cross (+) on the screen with the center element missing in the config- 
urations and sizes shown in Figure C-l . For the same size monitor, the cursor 
retains the same physical size regardless of the number of lines/elements or resolu- 
tion of the system. Referring to Figure C-l, the cursor shown in block "A" is 
representative of systems with 240 or 256 lines and 320 elements. The "B" block 
cursor is configured in systems of 240 or 256 lines and 640 elements. The "C" 
block illustrates cursor for 480 or 512 lines and 640 elements. 
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LEGEND (CURSOR SIZE) 
[A] 7 ELEMENTS X 7 LINES 
[J] U ELEMENTS X 7 LINES 
Pel 14 ELEMENTS X 14 LINES 
"*"" ADDRESSED COORDI- 
NATE 
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Figure C-l Cursor Configuration 
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C-3 Cursor Screen Addressing 

The cursor may be placed anywhere on the screen, including non-visible elements 
and lines in horizontal and vertical blanking. In other words, rhe cursor, willnof 
come fo a stop at the edges of fhe visible portion of the screen, buf will go beyond 
the edges and disappear into blanking. During CPU control of the cursor this is 
relatively unimportant as the CPU normally is programmed not to load data into 
non-visible elements. However, under joystick or trackball control, the operator 
may guide the cursor into blanking. If the same direction is maintained, "roll- 



■e 

opp 



over" will eventually occur and the cursor will reappear on the screen on the side 
sosite to that from which it disappeared, still maintaining the same direction. 
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JOYSTICK CURSOR CONTROLLER - GC- 106 



The joystick cursor controller is an interactive peripheral device used to position 
a cursor upon a video graphic display. The cursor controller consists of a joystick, 
four status switches (ENTER, TRACK, VISIBLE and BLINK), four channel select 
switches and a power switch. The controller interactively positions the cursor via 
the joystick, controls cursor status with the VISIBLE and BLINK status switches and 
informs the CPU of current coordinates and status by the ENTER and TRACK switches. 
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The cursor controller and trackball (See Section C- 7 ) operate with the serial link 
option in an identical manner. Both use serial transmission lines to send data. The 
serial link option stores cursor coordinates and status while generating the cursor 
video image. The cursor controller does not store cursor coordinates, but issues 
increment/decrement commands to the serial link board which in turn update the 
cursor position on the screen. Since the amount of displacement of the joystick 
from the center position proportionately changes the rate of increment/decrement 
commands issued by the cursor controller, the further the joystick is displaced the 
faster the cursor moves on the screen. With a little practice, positioning of the 
cursor with the controller is simple, fas? and more efficient than a trackball. 

The cursor controller is a directional rate device and not a positional control 
device. That is, when the joystick is moved in any direction from the center 
(at rest) position, the cursor begins to move slowly in the direction the joystick 
was displaced. The further the joystick is displaced from center, the faster the 
cursor moves in that direction. When the joystick is held in a constant position, 
rhe cursor moves across the screen at a constant rate. Release of the joystick 
returns it to the spring loaded position and stops cursor movement. 

The joystick may be displaced at any single angle even though it feels easier to 
move the stick directly up, down, right or left. When viewed from the front, the 



C-3 



L, 



i 

! 



r 



L- 



n 
i i 



n 



r-v 

(J 



&?.•■ - 




position of the joystick corresponds exactly with the direction of the cursor move- 
ments as shown in Table C-l. 



Table C-1 Joystick/Cursor Movement 



Joystick Movement 


Cursor Movement 


Forward 


Up 


Backward 


Down 


Left 


Left 


1 
Right 1 Right 
i 



The rate of cursor movement in any axis is infinitely variable from about 1 ele- 
ment/second when the stick is displaced = 5° deflection, to a maximum of tra- 
versing the screen from one edge to the other in about 3 seconds (full deflection). 
This mode of operation is used to move the cursor quickly from point to point. 

A second mode of joystick operation allows one element cursor movement In any 
direction to easily and accurately position the cursor on a single screen element. 
To move the cursor one element only, the joystick is slightly displaced or "bumped", 
This action causes the cursor to move one element or line in the direction of joy- 
stick displacement. The cursor will not move any more elements until the stick is 
released and "bumped" again, or displaced further to start cursor movement as 
defined in the above mode. 

This unique feature of the cursor controller allows the operator to be assured of 
moving the cursor one and only one element in any direction for ease in accurate 
positioning. The joystick displacement versus rate of cursor movement curve is 
not linear but exponential . 

There is a small null zone around the center position of the joystick so that mini- 
mal displacements do not cause cursor movement. This prevents the cursor from 
"creeping" on the screen when the joystick is centered. The null zone also a!!ows 
the cursor controller to be used without requiring trim adjustments of compensation 
for drift effects . 
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C-5 JOYSTICK STATUS CONTROL SWITCHES 

Four status switches determine the status of the cursor on the screen and control 
host processor interrupt generation. These switches are described as follows: 

(a) VISIBLE - This alternate action switch turns the cursor ON or OFF. 
Cursor coordinates are not affected by the position of this switch. 

(b) BLINK - The BLINK switch is an alternate action switch that, when 
ON, causes the cursor to blink at approximately a 1 Hz rate. When 
BLINK is OFF, the cursor remains steady on the screen. Cursor co- 
ordinates remain unaffected by the position of the BLINK switch. 

(c) ENTER - ENTER is a momentary swird: wnich causes a cursor inter- 
rupt (when enabled) to be sent to the CPU regardless of the position of 
any status switch or the position of the joystick. If the ENTER switch 
is held ON, the cursor controller ceases to function until the switch 

is released. As soon as the ENTER switch is released, the cursor con- 
troller resumes normal operation. 



C-6 Joystick Cursor Selection Switches 
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(d) TRACK - When ON, this alternate cction switch ccuses every move- 
ment of the cursor to generate a host processor interrupt. Every move- f" 
ment of the cursor is defined to be a change in coordinates. When the L. 
TRACK switch is OFF, the cursor still moves on the screen, but the 
cursor interrupt not issued to the host processor. j 
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Using the four channel select switches, the operator can control up to four cursors 
simultaneously with one cursor control I er unit . These alternate action switches \ 

cause the output of the controller to be distributed to the output channel (s) selec- L_ 

ted by the switches. When a switch for any channel is ON, the output of the 
controller appears on the serial output for that channel. When the switch is OFF, \ 

the serial output for that channel goes to en idle or no transmission mode. Any '-" 

combination of switches can be ON simultaneously including all ON or all OFF. 

NOTE 

CHANNEL SELECT SWITCHES SHOULD NEVER BE CHANGED H 

WHILE MOVING THE CURSOR WITH THE JOYSTICK OR WHILE ^ 

SWITCHING THE STATUS SWITCHES. SINCE THE CONTROLLER 

OPERATES WITH A SERIAL OUTPUT LINE, CHANGING THE f~? 

CHANNEL SELECT SWITCHES WHILE THE UNIT IS TRANSMIT- U 

TING MAY CAUSE UNPREDICTABLE RESULTS OF CURSOR MOVE- 
MENT OR STATUS. 
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As long as the joystick is centered and the status switches are stationary, the 
channel select switches can be changed with no effects. Power does not need to 
be OFF to change the channel select switches. 
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TRACKBALL CURSOR CONTROLLER - GC-104-2 
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The Model GC-104-2 trackball is a self-contained unit providing a serial output 
to the cursor controller for cursor updating. The trackbal I itself is a free-turning 
ball mounted in the GC-104-2 chassis. Cursor update is in the direction of rota- 
tion of the bal I and the update rate is based upon the I inear speed of rotation . 
The G C- 104-2 trackbal I associated with the RM-9000 display system generates 
serial outputs at 2400 band. 

A serial character is generated whenever any of the control switches changes and 
whenever the trackball is moved. The four changes of state, which are switch- 
controlled, are BLINK, VISIBLE, ENTER and TRACK. These have been described 
previously in the GC-106 joystick description (See Section C-5). 



PROCESS CONTROL KEYBOARD - GK-120 
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The GK-120 Process Control Keyboard contains the following items as standard: 

(a) A 61 key typewriter keyboard that generates all 128 USASC11 codes, 
including all alphanumeric, graphic and control characters. The 
keyboard fectures two key rollovery'n key lockout operation. An 
cuto-repeat feature of all keys is standard. Key arrangement is 
similar to the Model 37 teletype. 

(b) Serial input and output options using a choice of EiA Standard 
RS-232C, TTY current loop, or short-line differential. Baud 
rates from 50 to 9600 baud; odd, even or no parity and one or 
two stop bits are selectable by the user. 

(c) TTY mode operation allowing the keyboard to appear as a 
Mode! 33 teletype, generating a standard 93 character sub- 
set of USASCII . (Upper case alpha characters only). 

(d) ON/OFF LINE switch allowing flexibility in the mode of 
operation of the keyboard. 

(e) A 12 key cursor/function pad containing cursor up, down, 
right, left and home commands for computer controlled cursor. 
The remaining seven, keys provide easily accessible function 
keys defined by the user. 
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(f) A convenienf 12 key numeric pad containing 10 digits and 2 
delimiter keys (. and , ). This pad can be modified to provide 
12 additional function keys defined by the user. 

Optional features include 16 special function keys defined by the user with cor- 
responding CPU controlled status lights. Up to 40 function keys can be provided, 
each assigned with two codes per key. All function keys generate eight bit codes 
•above ASCII (Octal 200-377). An attention signal activated by the reception of 
the USASGI defined "Bell" code. 

All codes are 8 bit data. The code assignments are shown in Table C-2. 

The alphanumeric section contains all functions including alphanumeric, control 
and graphic characters as defined by USASCII. Octal codes 000 through 177 are 
generated here. 

If the numeric pad is selected, the codes issued are strictly the numeric and de- 
limiter codes of the alphanumeric section,, That is, when the keyboard is in the 
unshifted, uncontrolled mode, pressing the numeral "4" will issue the ASCII code 
for "4". When in the shifted mode, pressing "4" will also issue the ASCII code 
for "4". 
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If the function pad replaces the numeric pad, all functions are defined by the 
user. The codes issued are above ASCII, Octal 200 and higher. 

The cursor pad contains the five cursor controls: cursor up, down, right, left 
and home. Each key has two codes associated with it providing the ability for 
slow and fast computer controlled cursor. The remaining 7 keys in the cursor 
' pad are defined by the user. The codes issued are above ASCII, Octal 200 and 
higher. 

If the 16 special function keys are included on the keyboard, all functions are 
defined by the user. Note that each key is assigned with two codes. The codes 
are above ASCII, Octal 200 and higher. 



Due to MGS encoding techniques, note that ail cedes are precsslgned by Ramtek 
and are unalterable. However, the user is Free to assign function meaning and 
keytop legends to all keys. 

The shift and control keys determine the coded output of all keys. For example, 
consider the key labeled "A" where "-" indicates key not pressed, "x" indica- 
tes key not pressed, "x" indicated key is pressed. 



Shift 


Contro 


Function 


Oc 


:tal Code Output 


^ 


_ 


a 




141 


X 


- 


A 




101 


- 


X 


SOH 




1 


X 


X 


SOH 




1 



The control key allows only ASCII defined control characters (Octal 000-040 
and 177) and ali codes nor defined by ASCII (Octal 200-377) to be serially 
outputted. All other codes are inhibited from appearing at the serial outputs 
when the control key is pressed. This is equivalent to a key being mechani- 
cally locked out on a teletype. The shift key does not lockout any codes. As 
an example of the control key locking out the above indicated codes consider 
the key labeled with the numeral "3". 



Shift 



Control 



Function 



3 

3 



Octal Code Output 



63 

43 
Not Outputted 
(Lockout Operation) 
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Notice that both the shift and control keys determine the coded output of the keys 
in the alphanumeric section, but for all other sections (cursor pad, numeric/func- 
tion pad and special functions), the shift key has no effect. Only the control key 
will determine the coded output for the keys in these sections. There are two 
shift keys on the keyboard with one alternate action shift lock. Only one con- 
trol key is provided. 

Placing the keyboard in TTY mode causes the logic to suppress lower case alpha 
characters. When in TTY mode, the keyboard generates a 93 character subser 
of ASCII, Only the keys in the alphanumeric section are affected. The codes 
for al I other sections of the keyboard (cursor pad, numeric/function pad and 
special function) remain unaffected by TTY mode. 

In TTY mode, the codes are aitered using the following rules. 

(a) ASCII 



I) 
2) 



3) 



Octal codes 000 to 1 37: retain as is. 

Octal codes 140 to 1 76: subtract Octal 40 to convert 
these codes to upper case characters. That is, con- 
vert 140 through 1 76 to I00 through I36. 

Octal code I77 (delete): retain as is. 



(b) NON-ASCII 

I) Octal codes 200 to 377: retain as is. 

This information is tabulated in Table C-2. 

The following example shows how TTY mode affects keyboard behavior. In the 
unshift, uncontrol state, when the operator presses the key "A", normally the 
code for small letter "a" is issued (Octal I4l). However, in TTY mode, the 
capital letter "A" is issued instead (Octai iOl). This is shown as follows: 



Shift 


Control 


Function 


Octal 


Code Output 


— 


_ 


A 




IOl 


X 


- 


A 




IOl 


- 


X 


SOH 




1 


— 


X 


SOH 




1 
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Table C-2 G K- 120 TTY Mode Confrol 





12 


3 


4 


b 


b 


7 




00 


NTJL 


SOh 


STX 


ETX 


EOT 


ENQ 


ACK 


BEI 




01 


BS 


HT 


LF 


VT 


FF 


CR 


SO 


SI 




02 


DLE 


DC1 


DC2 


DC 3 


DC4 


NAK 


SYN 


ETB 




03 


CAN 


EM 


SUB 


ESC 


FS 


GS 


RS 


US 




04 


SP 


i 


it 


- 


$ 


% 


& 


/ 




05 


( 


) 


* 


+ 


/ 


- 


• 


/ 




06 





1 


2 


3 


4 


5 


6 


7 




07 


8 


q 


: 


f 


< 


= 


> 


7 




10 


@ 


A 


B 


C 


D 


E 


F 


G 




11 


H 


I ■ 


-r 


K 


L 


M 


N 


O 




12 


P 


Q 


R 


S 


T 


U 


V 


w 




13 


X 


Y 


Z 


C 


\ , 


J 


A 


— 




14 


- 


a 


b 


c 


d 


e 


1 
r 


g 




15 


h 


i 


J , 


k 


1 


m 


n 







16 


P 


q 


r 


s 


t 


u 


V 


w 




17 


X 


Y 


z 


{ 


I 


\ 


DELI 

i 





ASCII (octal) 

Alphanumeric Section 
Numeric Pad 



Uncontrol 











1 


2 


3 


4 


5 


6 


7 


2C 


fl 


f 2 


-L. 4 


f ^ 


fs 


f6 f 7 f f8 


21 


fg 


f 10 


f ll 


f 12 


f 13 


f I U f f 1 c 


f f IS 


22 


1 

f 17 


f 18 


f 19 


f 2 o 


'fol 


f 22 


f 2 3 


HOME 


23 


t'25 


f26 


4f 2 7 


f 28 


f 29 


f 30 


f31 


f 32 


24 


f33 


f34 


£7 


f3G 


f37 


[ f 38 


f 39 


fi+0 


25 










| 






26 










1 






27 








! 


I 1 1 

1 


30 


.c 


f 2 




fu 


fs 


f 6 


f 7 I £a | 


31 


fg 


fiol 


.C 

M 1 


fl2 


fl3 


fl<* 


f 15 f 16 


32 


M/[fl8l 


r t -, 


f 20 


lf 2 l 


f22 


f 2 3 


HOME 
f2n 


33 


f 25 


f 26 


Jf 2 7 


f 28 


f 2 g 


f 3 o 


f31 


f 32 


34 


f 3 ; 


f 3 - 


f . - 


f 3 6 


f 3 7 


f38 


f 39 


fi+0 


35 










1 






36 


















37 















NON-ASCII (octal) 

Cursor Pad 

Function Pad 

Special Functions 

Status Lights 
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The auto repeat- feahjre provides that any key, if held down continuously for 
longer than one second,, will automatically repeat until the key is released. If 
more than one key is held down, only the first key struck will repeat. The out- 
put will not alternate between two keys. The time delay until any key begins 
to repeat is normally one second. The repeat rate is 10 characters per second 
for all keyboards, regardless of baud rate. The cursor keys have been defined 
with two codes per key allowing the ability to distinguish between slow and 
fast cursor commands. Both the time delay and repeat rate are hard-wired and 
are not under CPU control . 
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Two key rollover/n-key lockout- is provided such that after a key closure is re- 
cognized by the keyboard logic and the appropriate code for that key is issued, 
all further key depressions are ignored. No further codes will be issued until 
the first key is released. 

N-Key Lockout - The following characteristics are to be expected: 

(a) LOCKOUT - If a key is depressed and not released, the code for 
that 'key is issued and the keyboard scan stops, locking out any 
recognition of further key depressions. Any other keys depressed 
and released will not be recognized. As soon as the original key 
is released, keyboard scan resumes until another key depression is 
found. 



1 



i 



(b) 2-KEY ROLLOVER - A 2-key rollover can be experienced with 
n-key lockout. Depress the first key and its code is issued, stop- 
ping keyboard scan. Press the second key and no code is issued. 
While still holding the second key down, release the first key 
(starting keyboard scan) and the second key will now be recog- 
nized and its code will be issued. Keyboard scan now stops 
again until the second key is released. This chain action can be 
continued indefinitely. 

(c) MULTIPLE DEPRESSIONS - If a key is depressed and held, its 
code will be issued. While continuing to hold the first key, if 
additional keys are depressed and held, no further codes will be 
issued unfil the first key is released and the next code issued will 
be unpredictable. It depends upon which key is encountered first 
by the scanning mechcnism and only that one code will be issued. 

(d) SIMULTANEOUS DEPRESSION - The first code issued is unpre- 
dictable. If depends upon the current position of the keyboard 
scan mechanism. Only one code will be issued. 

The CPU can sound an attention signal by using the ASCII defined code for 
"bell" (BEL = Octal Code 007). The signal will remain active for approxi- 
mately one second after the keyboard reception of the "bell" code. If a 
continuous signal is required, the CPU can retrigger the attention device as 
many times as required. The signal can be retriggered at any point in its 
cycle. However, the signal will only remain active for one second after the 
last "bell" code received. The attention signal is Mai lory's SONALERT with 
a fixed frequency of 2,900 Hz. 
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Two key rollover/n-key lockout is provided such that after a key closure is re- 
cognized by the keyboard logic and the appropriate code for that key is issued, 
all further key depressions are ignored. No further codes will be issued until 
the first key is released. 

N-Key Lockout - The following characteristics are to be expected: 

(a) LOCKOUT - If a key is depressed and not released, the code for 
that key is issued and the keyboard scan stops, locking out any 
recognition of further key depressions. Any other keys depressed 
and released will not be recognized. As soon as the original key 
is released, keyboard scan resumes until another key depression is 
found. 
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(b) 2-KEY ROLLOVER - A 2-key rollover can be experienced with 
n-key lockout. Depress the first key and its code is issued, stop- 
ping keyboard scan. Press the second key and no code is issued. 
While still holding the second key down, relecse the first key 
(starting keyboard scan) and the second key will now be recog- 
nized and its code will be issued. Keyboard scan now stops 
again until the second key is released. This chain action can be 
continued indefinitely. 

(c) MULTIPLE DEPRESSIONS - If a key is depressed and held, its 
code will be issued. While continuing to hold the first key, if 
additional keys are depressed and held, no further codes will be 
issued until the first key is released and the next code issued will 
be unpredictable. It depends upon which key is encountered first 
by the scanning mechanism and only that one code will be issued. 

(a) SIMULTANEOUS DEPRESSION - The first code issued is unpre- 
dictable. It depends upon the current position of the keyboard 
scan mechanism. Only one code will be issued. 

The CPU can sound an attention signal by using the ASCII defined code for 
"bell" (BEL = Octal Code 007). The signal will remain active for approxi- 
mately one second after the keyboard reception of the "bell" code. If a 
continuous signal is required, the CPU can rerrigger the attention device as 
many times as required. The signal can be retriggered at any point in its 
cycle. However, the signal will only remain active for one second after the 
last "bell" code received. The attention signal is Mallory's SONALERT with 
a fixed frequency of 2,900 Hz. 
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Status Sights, under host processor control, are provided by the LED 's directly 
above the special function keys. The lights may be turned ON and OFF by the 
host processor using the WRITE KEYBOARD instruction. The format of the output 
data byte necessary to set the ON/OFF state of one of the 16 LED's on the GK- 
120 keyboard. The operator has no control over the operation of the status lights. 






7 
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Status Select 
Address 

Always Zero 

| Light ON/OFF ("1" = ON; 

Always One 



Facing the keyboard from the front, the status lights are addressed from to 15 
from left to right. Since the operation of the status lights is independent of the 
special function keys, the user may associate key functions with status lights or 
completely divorce the two. 
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Figure C-2 Joysrtck Model GC-106 
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Figure C-3 Keyboard Model GK-120 
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APPENDIX D 



RM-9000 STANDARD CHARACTER FONTS 
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Figure D-l Standard Text Character Fonts 
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